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What goes up must fly true. To maintain this condition, 
: t ia A PE Librascope has packaged the rectangular, polar and spherical 


geometries of flight...in computers easily held in a man’s 


hand or held aloft by an economic expenditure of power...computers 

unexcelled for 22 years at calculating flight paths, interception 

courses, fire control trajectories...with answers that come 

[ 0 hs PUTERS out fast and right. They offer a challenging capability to 
alert project , 


and design engi- 
neers. Write to Librascope, 808 Western Avenue, , Glendale, Calif. 


Librascope, A Division of General Precision, Inc. © For 


engineering career opportunities, address Glen Seltzer, 


information on 


Employment Mgr. 
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Less than 2uv of drift for over 400 hours of contin- 
uous operation! That’s just one of the many outstand- 
ing features of KINTEL’S new 112A wideband DC 
amplifier—the unit that is the successor to KIN TEL’S 
111 series DC amplifiers. Frequency response is from 
DC to beyond 40 kc, output capability up to 45 
volts. It has an integral power supply, fits the same 
cabinets and modules, and can be used to replace any 
KIN TEL Model 111 amplifier. 


HIGH ACCURACY. The 112A amplifies microvolt-level 
signals from DC to 2 ke with a gain accuracy of 
+0.5% on any gain setting, better than +0.01% accu- 
racy on individual gain settings by means of the 
Micro-Gain adjustment. 

RELIABILITY. Overall dissipation has been reduced and 
reliability enhanced by replacing the tubes used in 
the 111 amplifier power supply with silicon rectifiers 
in the 112A. Special heat-conducting shields, heat 
sinks, and an improved mechanical layout further 


5725 Kearny Villa Road, San Diego 11, California, Phone: BRowning 7-6700 
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... OVER 
400 HOURS | 
OF 
AMPLIFICATION! 


improve cooling efficiency. Polystyrene capacitors 
are used in all critical areas. Rugged, militarized 
components are used wherever compatible with 
required performance characteristics. Write 
today for technical information or demonstration. 
a 
PRICES 

112A Amplifier with a 112A-A plug-in unit tha 

permits 10 gain steps from 20 to 1000 with 1 

to 2 times vernier adjustment at each step 
112A Amplifier with a 112A-B | if 
converts the amplifier to a nit f 
an input impedance over 1 ) me 
accuracy within =0.001 $615 


195 Single amplifier cabinet $125 


191A Single amplifer 19” rack module $150 
190 Six amplifier 19” rack 1 jule $295 


Immediate delivery from stock in reasonable quantities. 


Representatives in all major cities 


KIN TEL 


& Ori Sionm OF 


evcecrTrTrRomwics, mjc 
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Epsco-West Systems Help Checkout 


Atlas Missile 


Recently Epsco-West put its solid state know- 
how to work on four identical systems which 
simultaneously time and monitor the operation 
of 50 microswitches for operational checkout of 
the Atlas missile at Vandenburg Air Force Base. 


If any of these switches happen to be in a “no 
go” instead of a “go” condition at the end of a 
switching sequence, a printer prints out the code 
number of the faulty circuit. 


Epsco-West used solid state circuit elements 
throughout. Each system contains 250 transis- 
torized plug-in circuit cards. Eight of the 12 
logic circuits, comprising 90 percent of the 
system, are standard, off-the-shelf components. 
Like all Epsco-West systems, those delivered to 
Convair Division.of General Dynamics feature: 


* Reliability %* Compactness 
* Low Power Dissipation * Low Maintenance 


We would be happy to show you how Epsco-West can 
produce data control systems faster and with far fewer 
components. Call your nearby representative, or write for 
the free new Epsco brochure, “First in Data Control.” 
Write Dept. 21. 
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HOW /T WORKS 


Switches are timed by counting 400 cps from a 
standard power supply on binary coded decimal 
counters. This establishes a real-time reference 
for simulating correct switch operation. Contin- 
uous comparison of the internally stored pro- 
gram to actual switch operation determines the 
“go” or “no go” condition. 


To make this comparison, individual sensing cir- 
cuits for each switch: determine both the normal 
and the undesirable switch actuations. If a “no 
go” condition should exist at the end of the 
switching sequence (ranging from a few tenths 
of a second to approximately 3 minutes), a re- 
mote comparator and control unit identifies the 
circuit involved. A printer then prints the code 
number of the faulty switch circuit. 


€psco- West YY 


A Division of EPSCO Inc., Cambridge, Ma 


240 E. Palais Road + Anaheim, California 


East of the Mississippi — contact: 


MONITOR SYSTEMS INC. 


Fort Washington, Pennsylvania 
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Closed-Loop Computer Control at Luling 
R. D. EISENHARDT and T. J. WILLIAMS of Monsanto Chemical reveal the step-by- 


step procedure leading to Monsanto’s successful computing-control of an ammonia unit. 


Don’t Overlook POSITIVE Feedback 


W. SCHARF of Minneapolis-Honeywell reexamines positive feedback control systems in 
the light of the benefits of small volume, light weight, and lower power consumption. 


Electric Adding Machines Make Cheap ADP System Components 
]. F. SHARP of Bulmer’s (Calculators), London expounds on five applications in which 
electric adding machines do the calculating at costs far below electronic systems. 


Incremental Servos—I: Stepping vs Stepless Control 
S. J]. BAILEY of Vitro Corp. of America starts a five-part series of articles that will 
cover the theory, equipment, and application of servos using stepping actuators. 


How They Tested the First Nuclear Rocket Engine 


Photographs and diagrams display the custom-built measurement, data accumulation, and 
control system designed to handle this precedent-setting nuclear rocket engine test 


Data File 42—Simple Analogs for Useful Nonlinearities 
L. D. KOVACH and W. COMLEY of Douglas Aircraft demonstrate by example how a 


simple compensated varistor circuit permits accurate synthesis of useful nonlinearities. 


Selecting Amplifiers for High-Performance Servovalves 


R. E. CLAFLIN of Oilgear points out that the servoamplifier must be of special design 
if the response and accuracy potential of hydraulic servovalves is to be realized. 


New Look in Machine Tool Controls 
M. H. SLUIS of Pratt & Whitney Co., Inc. uses new types of construction and control 


components to achieve a ninefold reduction in machine tool control cabinet volume. 


Counting Pulses Within the Magnetic Hysteresis Loop 
T. R. NISBET of Lockheed Aircraft Corp. describes basic principle of hysteresis-loop 
counting and extends the technique to designing timers and long term integrators. 


Beta-Gage Controllers Cut Fabric Coating Waste 
L. E. TAYLOR of Ekco Electronics, England cuts rejects by 80 percent and uses coat- 
ing paste more economically by adding beta-gage controllers to leathercloth machine. 


Continued on next page ® 





IDEAS AT WORK 


Telemeter System Reads Meters by Telephone 
I. J. SMITH of Kearfott dials telephone numbers to read remote measuring devices. 


Telemetered Data Pegs Cause of Bluebird Accident 


A 24-channel telemetry system permits complete reconstruction of jet racer accident. 


Function Generator Control for Vibration Sweep Testing 
]. M. CHIRNITCH of MB Electronics controls slopes and breakpoints automatically. 


Fail-Safe Circuit for High-Speed Transfer 
M. A. KEASEL of Swift-Ohio Corp. modifies circuit to prevent damaging overtravel. 
Regulated Tuning Fork Runs Wrist Watch 


Transistorized tuning fork oscillator replaces the traditional wrist watch mechanism. 





WHAT’S NEW IN THE CONTROL FIELD 

Newsbreaks in Control 

Russian spaceman asks better control; a Japanese computer talks; optical readers vie. 
Sparse Attendance Shakes ISA Show 

A total attendance only half as large as expected saw few really unique developments. 
Control News Potpourri 

Tunnel diode in microwave device; computer dictionary; welders scanned electronically. 
Totalisator for Retailer's Paperwork 

A data processing system for department stores is the most sophisticated ever offered. 
Navy Eyes Automatic Ships 

Project Dyna is another Navy attempt to cut number of shipboard operating personnel. 
Mathematics Ride High at JACC 

lirst joint control session indicates that math is destined to play an important role. 
Explosion Suppression by Explosion 


A new protective svstem can douse incipient explosions in a tir der 25 millisec. 
A protect vst d t los n a time under 2 illisec 





Control Personality—THEODORE J. WILLIAMS 
This chemical engineer applies the systems approach to control in a classical manner. 


Industry’s Pulse—The Missing Market in Computing-Control 

Users see need for special purpose computers for process control but few are available. 
Editorial—Needs to Know 

This double-barreled approach meets the needs of readers with widely separated views. 
New Product Developments 


Low cost printed circuit control relay; digital telemetering system uses analog lines. 


Abstract of Technical Papers 


Analysis and experimental verification of two digitally controlled instrument servos. 
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COMPUTER MEASUREMENTS COMPANY 
MODEL 737A FREQUENCY METER 








Model 737A shown with Model 732A Converter Plug-in 


——— Measure frequency dc to 220 mc 
——— Measure period to 0.1 microsecond 
——— Measure time interval 0.1 microsecond to 10’ seconds 


———> Count dc to 10 mc 


CMC, first with solid state reliability, 
announces the transistorized Model 737A 
frequency-period meter. 


Here, combined in one compact package weigh- 
ing a scant 53 pounds, are the functions of a high 
speed counter, frequency meter, and period meter. 
Sensibly priced at $2400, the Model 737A mates 
an all solid state counter with a plug-in vacuum 
tube heterodyne converter. 


Only 14” high, 17” wide, and 13” deep, CMC’s new 
Model 737A requires a mere 125 watts of power 
which in itself reduces operating temperatures and 
contributes to long trouble-free life. And except 
for the vacuum tubes, the new unit is uncondition- 
ally guaranteed for two years. 


NEW Your nearby CMC engineering representative 

will be happy to provide you with full tech 

TECHNICAL nical, sales, and delivery information and 

arrange a demonstration at your conven 

BULLETIN ience. For a free copy of our new technical 
TELLS ALL bulletin, please address Dept. 21. 


THREE PLUG-INS AVAILABLE 

1. 10 mc to 100 me frequency converter; 2. 100 mc to 
220 mc frequency converter; 3. Solid state 0.1 micro- 
second to 107 second time interval section. 

Converter plug-ins $250 each. Time interval plug-in $300. 
FEATURES AND ADVANTAGES * Decade count 
down time base, frequency divider circuits never need 
adjustment. * Automatic decimal point. * Nixie read- 
out available as standard option. * Stability, 2 parts in 
107 standard, 5 parts in 108 special. * Accuracy, +1 
count + oscillator stability. * Sensitivity, 0.25 v rms. 
* Standardize against WWV. * Remote programming 
without special regard to cable length, type of cable, or 
impedance matching. * Printer output to drive digital 
recording equipment, punches, inline readout and other 
data handling gear, $80 extra. 





Computer 
Measurements Co. 


A Division of Pacific industries 
12970 Bradley Avenue, Syimar, California 
Phone: EMpire 7-2161 
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Whatever your immediate or long-range computer requirements, Bryant is 
equipped to provide “right now” response to your needs for prompt delivery 
of custom-designed memory drums, standard storage units, read/record 
heads, and other precision memory system components. 


Remember—Bryant Magnetic Memory Drums offer these special features: 


¢ Time-proven reliability 


« Super-precise ball bearing 
suspension 


e Dynamic runout less than .0001’ 


« Dynamically balanced at 
operating speed 

¢ Precision integral-drive 
induction motors 

e Exclusive tapered drum design 


GENERAL MEMORY 

Capacity—20,000 to 2,500,000 bits @ 130 bits per inch 
... Tracks—40 to 420... . Speed—600 to 24,000 rpm... 
Size—5" dia. x 2” long to 10” dia. x 19” long... Access time 
—As low as 2.5 ms (one head per track). 


MASS MEMORY 


Capacity—Up to 6,210,500 bits on a single drum... Tracks 
—Up to 825... Speed—900, 1800 or 3600 rpm... Size 


—18.5” dia. x up to 34” long. . 
16.6 ms (one head per track). 


. Access time—As low as 


BUFFER APPLICATIONS 


Capacity—Up to 225,000 bits . . . Tracks—Up to 150. 


Speed—Up to 60,000 rpm... . Size—3" to 5" dia. x 1” to 8” 
long... Access time—As low as 0.25 ms (4 heads per track 


@ 60,000 rpm). 


AIRBORNE SYSTEMS 


Capacity—60,000 to 180,000 bits . . . Tracks—50 to 150 


... Speed—Up to 18,000 rpm.. 


. Size—As small as 6" dia. 


x 6" long... Weight—As light as 7 Ibs. .. . Access time—As 
low as 3.3 ms (one head per track). 


SPECIAL PURPOSE MEMORIES 

Analog recording . . . Multispeed operation . .. Speed—As 
low as 2.5 rpm... Aerodynamic heads for high density, 
high frequency recording . . . Flux-sensitive heads for low- 
speed playback... Air bearing drums. . . Magnetic Disc 
Files for mass storage up to 150,000,000 bits. 


For more detailed information, or if you'd like to discuss your particular 
storage drum application problems, contact your Bryant Representative, 


or write direct. 
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keep an 
accurate 


elasldalke 
record 


OF RESEARCH, DESIGN, 
TEST DATA 


For General Purpose 
DC Recording — Model 320 


For recording two variables 
simultaneously, the Model 320 
provides a versatile, 
transistorized amplifier for each 
input signal. The rugged 2- 
channel recorder assembly has 
heated stylus recording on 
two 50 mm wide rectangular 
coordinate channels, 4 
pushbutton chart speeds, and 
6 inches of visible chart. 

The Recorder can be placed 
vertically, horizontally 

or at a 20° angle. 


two channels 


MODEL 320 SPECIFICATIONS 
Sensitivity: 0.5, 1, 2, 5, 10, 20 mv/mm and 
v/em 
Frequency Response: 3 db down at 125 cps, 
10 mm peak-to-peak 
Common Mode Voltage: +500 volts max. 
Common Mode Rejection: 140 db min. DC 
Calibration: 10 mv internal +1% 
Output Connectors for each channel accept ex- 
ternal monitoring ‘scope or meter 
Price: $1495 


NEW SANBORN PORTABLE DIRECT WRITING RECORDERS 
FOR IN-PLANT, LABORATORY OR FIELD RECORDING 





Two models of this 21 lb. brief case 
size recorder are available — Model 301 
for AC strain gage recording, Model 299 
for general purpose DC recording. Both 
provide immediately visible, inkless 
traces by heated stylus on 40 division 
rectangular coordinate charts... 


50 mm/sec chart speeds. . . approx. 
4 inches of record visible in top 
panel window. 


MODEL 299 SPECIFICATIONS 
Combines the dependability of transistors with 
the high input impedance of vacuum tubes for 
reliable broad-band DC recording 


si n Gg | e ch ann el Sensitivity: 10, 20, 50, 100, 200, 500 mv/div 


MODEL 301 SPECIFICATIONS 
The amplifier section of the Model 301 is an all- 
transistorized carrier type with phase sensitive 
demodulator. The power supply and internal 
oscillator circuits are also transistorized. 
Sensitivity: 10 uv rms/div (from transducer) 
Attenuator Ratios: 2, 5, 10, 20, 50, 100, 200 
Carrier Frequency: 2400 cps internal 
Transducer Impedance: 100 ohms min. 
Calibration: 40 uv/volt of excitation 
Output Connector: for external monitoring 

"scope or meter 

Price: $750 


and 1, 2, 5 and 10 v/div 
Input Resistance: 5 megohms balanced each 
side to ground 
Common Mode Voltage: +2.5 volts max. at 10 
mv/div sensitivity increasing to +500 volts 
max. at other sensitivities 
Common Mode Rejection: 50:1 most sensitive 
range 
Calibration: 0.2 volt internal +1% 
Output Connector: for external monitoring 
"scope or meter 
Price: Mode! 299 (with zero suppression) $700 
Mode! 299A (without zero suppression) 
$650 


All prices are F.0.B. Waltham, Mass., within continental U.S.A 
and are subject to change without notice 


Contact your Sanborn Sales-Engineering representative for complete information, or write 
the main office in Waltham. Sales-Engineering representatives are located in principal cities 
throughout the United States, Canada and foreign countries. 


SANBORN W@W COMPANY 


INDUSTRIAL DIVISION 
17S Wyman Street, Waltham 54, Mass. 
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Model 8010 mounted on spring-diaphragm 
actuator. Note compact design. 


Slot in mounting plate (with swing-free cover) 
permits easy access to stroke adjustment. 
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Diagrammatic of operation. 
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ReaY CASE STROKE LEVER 
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Performance Data 


$Poou STROKE ADJUSTMENT LEVER 


Open-loop Gain* — approximately 100 
Linearity — within + 1% of full stroke 
Repeatability — within 0.2% 

Load Sensitivity — Ovtput pressure 


change of 1.2 psi per 0.1% of full 
stroke offset 


Supply Pressure Effect — +1% of full 
stroke for +5 psi change from 20 psi 


Combines high open-loop gain and closed-loop stability to 
give you Precise Positioning and Superior Dynamic Response 


The new Masoneilan Model 8010 Electropneumatic 
Positioner offers optimum performance plus these design 
advantages: 


e A true positioner — direct comparison of valve stem 
position with controller output signal provides dy- 
namic response and positioning accuracy not obtainable 
with transducer and pneumatic positioner combination. 
Electrical circuit easily adapted to a variety of con- 
troller output signals. 

Extra large stabilized magnet, plus efficient magnetic 
circuit, provides high force changes. 


Explosion-proof construction meets requirements of 


Class I, Division I, Group D. 

External stroke adjustment accessible without removal 
of cover no exposure of electric wiring. 

High capacity relay for fast stroking speeds. Relay may 
be mounted in any one of four positions to facilitate 
piping. 

Balanced beam permits installation of valve in any 
position without shift in calibration. 


NOVEMBER 1960 





e@ Available for 3-15 psi or 6-30 psi valve spring ranges 
and for split-ranging. Standard stroke ranges *,” 
and 2”—4”. Others available. 

@ Available with direct or reverse action and for direct or 
reverse actuators. 

You can now utilize the desirable characteristics of 
electronic control and obtain the power and smooth 
throttling action of pneumatic valves by using Masoneilan 
Electropneumatic Positioners. Full details on request. 
Ask a Mason-Neilan representative or write direct 


MASONEILAN 


Miason-NeEILAN 


Division of Worthington Corporation 


53 NAHATAN STREET, NORWOOD, MASS., U. 5. A. 
Sales Offices or Distributors in Principal Cities in United Stotes and Abrood 
in Conada: Worthington (Canada) Ltd., Mason-Neilan Division 
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New Line of Precision 
Toroidal Inductors 
For Practically 

Every Application 


Designed for use in commercial, | 
and military apparatus, | 
Sprague Precision Toroidal Inductors | 


industrial, 


are customarily supplied to the close 
inductance tolerance of +1%. The 
broad line of Sprague inductors in- 
cludes such styles as open coil, plastic- 
dipped, rigid encapsulated types with 
tapped or through-hole mounting, and 
hermetically-sealed inductors. 

All styles, with the exception of the 


open-coil type, meet the requirements | 


of Specification MIL-T-27A. 


) Several core permeabilities may be | 
obtained in each of the five basic sizes | 
of Sprague inductors to give the cir- | 


cuit designer the optimum selection 


of desired Q and current carrying | 


abilities. Each of the core sizes is 


available with several degrees of stabi- | 
lization. Inductors made with cores | 
which have not been subjected to the | 
stabilization process exhibit low in- | 
ductance drift with time and have a | 


low temperature coefficient of induct- 


ance. Where a greater degree of per- | 


manence of characteristics is required, 


cores with two different stabilization | 
treatments can be used for most types 


of inductors. 


Sprague toroidal inductors may be | 


operated from —55C to +125C. Tem- 
perature cycling of finished inductors 
is a standard production procedure in 


order to equalize internal stresses and | 


insure permanence of electrical char- 
acteristics. 

For detailed information on Sprague 
Precision Toroidal Inductors, write 
on company letterhead for portfolio 
of engineering data sheets to Techni- 
cal Literature Section, Sprague Elec- 
tric Company, 407 Marshall Street, 
North Adams, Massachusetts. 
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SHOPTALK 


New consulting editor 


We're glad to welcome Dr. Theodore J. Williams, engi- 
neering supervisor, Research & Engineering Div., Monsanto 
Chemical Co., to Conrrot ENGINEERING’s consulting editor 
ranks. Ted replaces John Johnston and will give aid and 
counsel in our coverage of the process control field. In many 
ways this is a “Williams” issue: Ted is the Control Personality 
of the month (see page 27) and co-author of the case study 
of Monsanto’s computing-control system (see page 103). 
Our thanks go to Jack Johnston for his four years of service. 


First full report of process computing-control 


Since our early editorial coverage of 
the why and how of on-line computer 
control of flow processes in the June 
and September 1957 issues of ConrROL 
ENGINEERING, the editors have been 
anxiously awaiting the day when they 
could report the details of a major on- 
line installation. The time has arrived 
with the 12-page case study of Mon- 
santo’s ammonia plant “Closed Loop 
Computing-Control at Luling” on page 103 of this issue. 
Major working responsibility for the project fell on the 
shoulders of the co-authors, Ted Williams representing the 
engineering department of Monsanto’s Research and Engi- 
neering Div. and Robert D. Eisenhardt, Jr. representing Mon- 
santo’s Inorganic Chemicals Div. as supervisor, special instru- 
mentation. Ted supplied the systems engineering philosophy, 
while Bob (photo) contributed a solid background in con- 
trol instrumentation through experience at Bailey Meter Co. 
and Mallinckrodt Chemical Works following a BS in EE 
degree from Drexel Institute. Don’t miss this opportunity 
to follow the system from conception to operating results. 


Editor turns TV producer 


You never know what you're going to get into when you 
become a magazine editor. Last “month, for example, Chief 
Editor Bill Vannah suddenly found himself acting as a TV 
producer, helping Betty Adams of WBZ T'V, Boston put to- 
gether a one-half hour show for her Sunday morning pro- 
gram “Dimensions. ‘The idea was to demonstrate and dis- 
cuss the impact of automatic systems on industry. Bill did 
this by filming a computer controlled ice cream mixing 
process, a numerically controlled machine tool in action, and 
the Fluid Power Control Lab. at MIT, while moderating 
the show with a discussion of the types of engineers required 
to do control engineering work and the impact of these sys- 
tems on the public and labor in general. What’s next? 
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POPULAR 


Call your Gp) rep today for a 
demonstration of one of these 


OSCILLOSCOPES 


Production or lab instruments— Simple to use, even for non- 
technical personnel— Moderately priced—Full 10 cm x 10 cm 
display — Automatic calibration waveforms— Low phase shift — 
Automatic triggering for optimum presentation—“Times-5” 
sweep expander magnifies trace, improves resolution. 


DC to 200 KC 


Models 120A/AR combine minimum controls with # automatic triggering 
for utmost speed, convenience. Horizontal amplifier dc to 200 KC; phase 
shift only + 2° to 100 KC. More X-axis information due to horizontal ampli- 
fier sensitivity control, with vernier, 5% accuracy. Balanced input on most 
sensitive ranges for low level work. 'Times-5 sweep expander, all ranges. 15 
calibrated sweep speeds, 5 usec/cm to 0.2 sec/cm. Vernier, expander extend 
speed range 1 ,sec/cm to 0.5 sec/cm. 10 mv/cm sensitivity calibrated ver- 
tical amplifier, drift-free trace. @ 120A (cabinet) or @ 120AR (rack) , $435. 


DC to 200 KC - DUAL TRACE 


Models 122A/AR provide simultaneous two-phenomena presentation, are ideal for direct 
comparison of filter, amplifier output /input phenomena; vibration testing. Unique @ front- 
panel automatic calibrator waveform switch. Twin vertical amplifiers operate independent- 
ly, simultaneously, differentially. Automatic triggering, automatic synchronization, single 
trace operation when desired. Sensitivity 10 mv/cm to 100 v/cm, 15 calibrated sweeps, ver- 
nier extension. Horizontal amplifier dc to 200 KC. @ 122A (cabinet) or 122AR (rack) , $625. 


___DC to 300 KC -“BIG SCOPE” PERFORMANCE 


Models 130B/BR provide wide usefulness, simple operation and rugged dependability. 21 calibrated sweep 
times, 1 »sec/cm to 5 sec/cm. Vernier, expander extend range 0.2 »sec/cm to 12.5 sec/cm. Twin hori- 
zontal and vertical amplifiers, phase shift + 1° to 50 KC; sensitivity 1 mv/cm to 125 v/cm. Balanced 
input on 6 most sensitive ranges. Common mode rejection 40 db. Stability 1 mv/hour after warmup. 
Triggering automatic, internally, line power, externally, 0.5 v or greater. @ 130B (cabinet) or 130BR 
(rack) , $650. 














Data subject to change without notice. Prices f.o.b. factory 


HEWLETT-PACKARD COMPANY 
Thir ecision 1050K Page Mill Road Palo Alto, California, U.S.A. 
P teen sumlergiaa Cable “HEWPACK” DAvenport 6-7000 
hp oscilloscopes, Sales representatives in all principal areas 
000 HEWLETT-PACKARD S.A. 
de to 1, MC Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26.43.36 evs 
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TAKING 


THE HEAT OFF 


FIELD-MOUNTED 


TRANSMITTERS 


The ElectriK Tel-O-Set System takes the heat off field- 
mounted instruments by eliminating heat-generating tubes 
and power packs. There’s no external power required at 
any Tel-O-Set field-mounted instrument. The line power 
connection is made only at the receiver. 


Tel-O-Set field-mounted instruments operate on a low 
calorie diet of 4-20 milliamps...less than 0.6 watts. A 
simple two-wire line connects the field-mounted instru- 
ments with the control room. The two wires carry the 
control signal as well as the power. The d-c transmission 
avoids stray pickup and phasing problems. . . eliminates 
the need for shielding the line. 


The 4-20 milliamp signal range of the system gives a live 
zero and permits the use of the most reliable transistors 
available. These d-c signals can be fed into data handling 
systems and millivolt-actuated instruments . . . can be 


th 
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easily transduced to a standard 3-15 psi pneumatic signal 
to operate existing pneumatic systems. 


The basic circuit used in Tel-O-Set transmitters, receivers, 
controllers and other instruments has been thoroughly 
proved in thousands of applications in the last five years. 
This circuit uses a force-balance feedback system to 
increase the accuracy and the dynamic response of the 
system by decreasing hysteresis effects and sensitivity to 
changes in ambient conditions. 


Take a new look at your control applications with the 
ElectriK Tel-O-Set System in mind! Get complete techni- 
cal data from your local Honeywell field engineer. Call him 
today . . . he’s as near as your phone. MINNEAPOLIs- 
HonEYWELL, 21 Penn Street, Fall River, Mass. 


Honeywell 
iH) Fiat i Coto 
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NO CHECK VALVE! Air cleans filter as it exhausts. through the vent. No check valve to clog and cause trouble. 


VERTICAL SINTERED BRONZE FILTER 


TIME ADJUSTMENT SCREW 


SILICONE DIAPHRAGM 
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New! A Cutler-Hammer one-minute 
pneumatic timer that eliminates 
the troublesome check valve! 


Unique diaphragm design makes timer more accurate and dependable than any other 


The new Cutler-Hammer one-minute Pneu- 
matic Timer, by eliminating the conven- 
tional check valve, does away with failures 
caused by dust. 

Using a silicone diaphragm, this timer 
pulls fresh air in through a filtered vent, and 
on the exhaust stroke blows away any dust 
that may have collected on the surface of 
the filter. No chance for dust to affect ac- 
curate timing or make the timer inoperable. 
The silicone diaphragm works equally well 
150°F above zero or 45°F below zero. 

No other timer is more accurate. It ad- 
justs easily from .2 seconds to 60 seconds 
with a 7%-turn screw that provides precise 
adjustment to the desired time setting. All 
you need is a screwdriver. And, it can be 


WHAT’S NEW? ASK... 


changed from ‘“‘on delay”’ to ‘‘off delay”’ in 
seconds. Smallest electrical dimensions of 
any one-minute timer, too. Call your Cutler- 
Hammer distributor for full details or send 
for Publication LO71-W227. 


What's new at Cutler-Hammer? 


You can see the big change at Cutler- 
Hammer wherever you look. New, better 
products. New, expanded engineering staff 
and facilities. New added plant capacities. 
All done to help you meet the big oppor- 
tunities of this decade. 

If you’re planning ahead, we'd like to 
show you how our talents and experience in 
electrical control could help you. Contact 
the nearest Cutler-Hammer sales office. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wisconsin « Division: Airborne Instruments Laboratory « Subsidiary: Cutler- 
Hammer international, C. A. Associates: Canadian Cutler-Hammer, Ltd.; Cutler-+iammer Mexicana, S. A. 


1960 


CIRCLE 15 ON READER SERVICE CARD 





FLOW? Now you can assemble 


complete digital systems using only 
standard components. All equip- 
ment is matched output-to-input 
to save engineering time and the 
cost of specially-tailored hardware. 
The simple system below may be 
expanded ten-fold in complexity. 


ASSEMBLED BUILDING BLOCKS 
MAKE A DIGITAL SYSTEM... 


Waugh 
flow 
transducers 





Beckman 
scanner 


EPUT® meter 
indicates flow 
in gals /min. 
or Ibs /hr. 


Beckman 
speed printer 
records all 
rates 


Write for free 
nape ae 16-page survey 
for of illustrative 
—— systems for 
measuring 
speed, pressure, 
temperature, 
force & flow. 


Beckman’ Bericicy | 
Division 
Richmond 3, 
California 
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FEEDBACK 


This reader built an automatic digital weather data system 
after he tired of changing charts and winding clocks. 


In a Down East Shack 


To THE Epiror— 

Many people have “mental blocks” 
over data systems. They think that 
such systems are terribly complicated 
and costly. Actually, in any data sys- 
tem one is only repeating a few func- 
tions many times—adding to the cir- 
cuitry but not to the complexity. Be- 
cause I am experienced in process 
control instrumentation and have long 
worked in my home shop with baro- 
graphs, thermographs, and wind re- 
corders, I decided last winter to com- 
bine my profession and hobby and 
build a digital weather data system. 
My successful construction of a sys- 
tem from standard parts, just because 
I wanted to, demonstrates that data 
systems aren’t so hard to understand 
after all. Construction took 50 hours. 

The system was designed to moni- 
tor and print out the readings of one 
set of standard weather instruments 


operated in my home. Clock winding 
and chart changing had become a nui- 
sance. The block diagram shows the 
system elements. Temperature, pres- 
sure, dew point, wind direction, wind 
speed, total wind, total precipitation 
at the end of each hour, time, calibra- 
tion, and station designation are all 
printed out in digital groups on a 
standard teleprinter continuously or on 
the hour. 

Limitations: 

¢ It takes 2.5 min to print out one set 
of readings. 

¢ Pressure is printed to two digits; 
therefore reference of printed value to 
a curve in order to get actual pressure 
is necessary. 

¢ Zeroes of temperature and dew point 
measurements must be shifted as sea- 
sons change to take care of the fact 
that minus signs are not available. 
¢ Time reads out to two digits, which 
is satisfactory because system reads out 


Temperature dew point 





Borometer 
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printout 
ei) Digital data system built in 


— “ham shack” from modified 
standard equipment gathers and 
prints out weather data every 
hour 
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20 pole 


New! m 
Standard line of = 


12 pole 


| » RUNS REED pe 
Encapsulated units provide practically any combination of nor- 
mally-open (Form A) and normally-closed (Form B) contact 


arrangements. 
Mount in any position. 
Contacts completely unaffected by atmospheric contamination. 
BREAK-MAKE ACTION can be furnished to insure non-overlap- 


ping of contact closures. 


Multi-coil arrangements for logic elements available. 
Write for Dunco Reed Relay Bulletin. 


DUNCO DRY REED RELAYS provide economical and excep- 
tionally fast low level and light load switching for computer and 
data handling applications. Life is on the order of hundreds of 
million operations. From one to 20 switches with surrounding 
magnetizing coil are encapsulated to form a relay unit. The Dry 
The Dunco \ ») Reed Switch is rated 15 watts for resistance loads at maximums 
Dry Reed \ of 250 volts or 1 ampere; 50 milliohms maximum contact 
. resistance; 500 V. a-c minimum breakdown voltage; and 500,000 
megohms minimum insulation resistance 


STRUTHERS-DUNN 


PITMAN, N. J. 


WORLD'S LARGEST ASSORTMENT OF RELAY TYPES 


Switch 





Sales Engineering offices in: Atlanta + Boston . Buffalo + Charlotte + Chicago « Cincinnati + Cleveland + Dallas * Dayton + Denver 
Member National Association Detroit « High Point » Kansas City « Los Angeles » Montreal . New York + Orlando + Pittsburgh + St. Louis + San Carlos » Seattle . Toronto 
of Relay Manufacturers Export: Langguth-Olson Co., New York 


NOVEMBER 1960 CIRCLE 17 ON READER SERVICE CARD 17 





TORQUE-TUBE SHAFT LOW PRESSURE HOUSING 
TORQUE-TUBE 
LOW PRESSURE BELLOWS 


LOW PRESSURE 
OVER-RANGE VALVE RANGE SPRING 





HIGH PRESSURE 
OVER-RANGE VALVE 


DAMPENER 
VALVE PLUG 
CENTER PLATE 
HIGH PRESSURE H 
ESSURE HOUSING PULSATION DAMPENER 


TEMPERATURE COMPENSATOR BY PASS VALVE 


DON’T WORRY ABOUT 
OVERRANGING THIS METER BODY 


The exclusive Barton rupture-proof dual bellows meter 
is not affected by overranging, maintains calibration 
and requires minimum maintenance. 


Built-in ability to withstand violent line surges, yet immediate response 
to the slightest differential pressure or level changes— that’s the 
Barton rupture-proof 199 meter body. Proved in countless demanding 
installations, the 199 meter body is the heart of an entire line of precise 
instruments that includes controllers, indicators, recorders, integrators, 
transmitters and switches. The 199 meter body features such refine- 
ments as temperature compensation for maximum stability, adjustable 
pulsation dampener for positive response control, top and bottom 
pressure taps for self-draining and easy venting. The 199 is available 
in a full range of differential pressures up to 50 psi and static pressure 
ratings up to 6,000 psi. For the ultimate in dependability, accuracy and 
minimum maintenance, specify Barton. 


ARION. 


INSTRUMENT CORPORATION 
MONTEREY PASS ROAD, MONTEREY PARK, CALIFORNIA 
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FEEDBACK 


exactly on the hour. 
System construction and operation 


The input measuring instrument is 
a standard Foxboro EMF Dynalog 
modified by replacing the pen mech- 
anism, chart drive, and chart plate 
with a Wallace and Tiernan analog to 
digital converter from a surplus Navy 
automatic weather station. The con- 
verter has 10 “tens” segments and 
100 “ones” pins arranged in an are. 

\ pointer connected to the Dynalog 
output shaft swings over the arc until 
pulled by a clamping bar into contact 
with the segment and one pin during 
the readout cycle. A 10-pole, double 
throw crossbar switch connects the 
converter and a matrix that translates 
the 0 to 9 converter output to the 
binary code of the teleprinter. 

When the pointer clamps for a read- 
out, the tens segment is read into the 
matrix and through the transmitter 
distributor to the printer. After this 
cycle the crossbar switch flops and al- 
lows the unit pin to read into the 
matrix, through the transmitter dis- 
tributor, and to the printer. The result 
is two digits: 01, 04, 25, etc. 

After this cycle has occurred, the 
next measured input is switched into 
the Dynalog and the procedure re- 
peated. Between groups of digits, a 
space pulse and figures shift is pro- 
grammed into the printer. 


Matrix 


This is the heart of the system. It 
consists of a neon (NE-2 neon lamps) 
matrix and five Kurman sensitive re- 
lays. It has 10 input lines for the 
digits from the analog to digital con- 
verter plus additional lines for space, 
line feed, carriage return, and figures 
shift signals. 


Transmitter distributor 


The transmitter distributor is a 
standard piece of communications 
equipment consisting of a synchro- 
nous motor, a set of contacts, and an 
electromagnetic clutch. It converts 
the Kurman relay closures to pulses 
and distributes them, along with start- 
stop pulses, to the teleprinter. 


Printer programmer 


A 50-point self-homing stepper, it: 
e provides the impulses that operate 
the information programmer, to pre- 
sent the information from each 
weather instrument in sequence 
¢ provides the pulse that operates the 
Dynalog clamping bar 
¢ provides the pulse that operates the 
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Photo Courtesy of 
Consolidated Electrodynamics Corporation 
dl 


An Integral Part of Your Equipment 


This high-vacuum pump incorporates three Variacs 
for the control of motor speed and voltages. 


A Research Tool 


Variacs control current through coils used 
for heating ingot of experimental 
semiconductor material. , 
Photo Courtesy of Bell Telephone Laboratories 


Varia 


the Original Continuously-Adjustable 
Autotransformer 


... featuring DURATRAK,* G-R’s exclusive 


treatment for the Variac contact surface. 
*U. S. Patent No. 2,949,592 


. A Handy Workbench Accessory 
Engineer uses a Metered Variac to check voltage range 
specifications of a prototype electronic instrument. 


ral Radio's 2year War GENERAL RADIO COMPANY 


General Radio's 2-year Warranty. 


Write For Complete Information WEST CONCORD, MASSACHUSETTS 
SAN FRANCISCO LOS ANGELES IN CANADA 
Los Altos Los Angele Toronto 
WhHitecliff 8-8233 HOllywood 9-4 ] CHerry 6-2171 





PHILADELPHIA WASHINGTON, D.C 
Silver Spring 
JUniper 5-1088 


NEW YORK, WOrth 4-2722 CHICAGO 
Oak Pork Abington 


NEW JERSEY, Ridgefield, WHitney 3-3140 
Village 8-9400 HAncock 4-7419 
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BY STANLEY M. INGERSOLL, Capabilities Engineer 


Report No. 13 
Type CC 506 Thrust Control System 


Designed for tactical artillery weapons, this system maintains the 
thrust levels of liquid propellant rocket engines at specified magni- 
tudes. Its sensitive SM/I-designed pressure transducer measures 
combustion chamber pressure and is statically and dynamically 
accurate even in the extreme shock and vibration environments 
of the missile. When the transducer detects a deviation from the 
pre-set reference pressure, it generates an error signal. This signal 
is amplified and transmitted to a servo controlled valve which 
restores the pressure to the proper setting. The amplitude of the 
signal is proportionate to the magnitude of pressure change. Heart 
of the transducer is a unique, SM/I-developed twisted Bourdon 
tube that combines high pressure sensitivity (rotational move- 
ment) and low acceleration and vibrational sensitivity (linear 
movement). A 300 PSI unit has only a .2% error under 15 g’s 
vibration and 10 g’s acceleration and withstands 20 g’s shock 
without disturbing its setting. 


; Temperature 65° to +165°F 

— : Vibration 10-38 cps 30.25” 

cnnica ouble Amplitude. 
Data 38 to 2000 cps +25 g's 


50 g’s 
Sea Level to 200,000 ft. 
ig’ 10 pounds 

Input Voltage 115 volts 400 cycles 
Accuracy better than 1% of the 
pressure 
30 Ib/min H202 
Magnitude of Set Pressure 300-1000 psi 
Slewing Speed of Valve 2-3 seconds 


Valve Flow Rate 








MECHANICAL CONNECTION 
ELECTRICAL CONNECTION 
GAS OR LIQUID CONNECTION 











For more information and complete operating specifications, write 
or wire SM/I today. Address your inquiry to Stanley M. Ingersoll, 
Capabilities Engineer. 


SERVOMECHANISMS/INC. 


Los Angeles Division 
200 Aviation Boulevard 
El Segundo, California 
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FEEDBACK 


crossbar relay 

* provides a homing bank for the en- 
tire system 

*triggers a time-delay that counts 
miles of wind 

*switches the temperature-dewpoint 
instrument from one variable to the 
other. 

Temperature-Dewpoint: A  Gian- 
nini Microtorque potentiometer con- 
nected across a 6-volt battery is linked 
to the output shaft of a Foxboro re- 
sistance Dynalog that is switched al- 
ternately from a standard resistance 
bulb to a Dewcell. 

Wind: Wind speed is read into the 
system in two ways: first, from the 
actual output of an Aerovane through 
a dropping network, in mph (0 to 99); 
second, from the 1/60th mile con- 
tacts of a Navy three-cup anemometer 
into a stepping switch. 

Pressure: A Friez Micro-barograph 
is fitted with a Microtorque poten- 
tiometer. Work is underway to pre- 
sent the reading in three digits. 

Precipitation: Presently this comes 
from a tipping bucket gage. The 
tilts of the bucket operate a 100-tooth 
stepping unit, whose shaft is geared to 
a potentiometer. This is calibrated in 
terms of rainfall and can be read to 
0.02 in. (bucket tips for each 0.2 in.). 
The potentiometer can as easily be 
connected to a weighting-type gage, 
which was not at hand here. 

Wind Direction: Presently this is 
read into the system from a vane hayv- 
ing a 360-deg potentiometer in it. 
This reads out 0 to 36. 

Station Designator: For lack of 
something better, this has been desig- 
nated as “01”. It occurs as the first 
group of a sequence and is read in by 
applying a voltage directly to the 
matrix from the printer programmer. 

Calibration: Presently this reads out 
as 85. This is a fixed voltage read into 
the analog to digital converter and 
serves as an indication of any voltage 
drifts or changes in calibration. 

Time: This is programmed in 
through a 24-point rotary selector 
switch, which rotates one contact each 
hour. This output goes to the matrix, 
and is read out as 00, 01, 02, etc. 

Date: This might be useful, but 
would add complications to the sys- 
tem. Since each 24-hr run can be torn 
off the printer and stamped, date is 
not of great importance to this par- 
ticular system. 

N. K. Thompson, W1LWV 
Instrument Supervisor 

Great Northern Paper Co 
Millinocket, Me. 
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Simplest 
ge)e-uanare 
Si delg-ler- 

device 


ever 
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The Bernoulli Magnetic Disk Memory, 
a proprietary development of The LFE 
Applied Research Laboratory, is now 
available in prototype or production 
quantities. 


The first models, designated as the 
BD-100 Series, are ideally applicable 
for use in general purpose EDP Sys- 
tems. In addition, because of each unit’s 
small size and weight, and ability to 
withstand severe environmental con- 
ditions, the BD-100 Series is also ap- 
plicable to a wide variety of fixed sta- 
tion and mobile digital computers. For 
a complete description write for Tech- 
nical Data Digest No. 607C. 


SPECIFICATIONS BD-100 SERIES 





Storage Capacity (Max) Bits 





Bits Per Track (Max) 





Bit Rate — kc 





Track Layout As Required 
Typical: 
Total Tracks 





Data Storage Tracks 





Spare Tracks 





Clock and Timing Tracks 





Register Tracks 





Number of Registers 





Register Length — Bits 





Register Adjustment — Bits 





Disk Speed — RPM 
Induction or Synchronous Motors Available 





Power Source — cps 





Magnetic Heads (Compatible with solid state circuits) 
Typical: (For 200 kc Operation) 
Inductance (Per Leg. — C.T. Coil) — uh 





Write Current (P/P Manchester) — ma 





Read Out (Min. P/P Full Coil) — mv 





Size — Inches (Less Electronics) 





Wide variations from typical specifications can be made 
to meet customer's requirements. 














A DIVISION OF 


Data Storage Operations 





COMPUTER PRODUCTS 
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LABORATORY FOR ELECTRONICS, INC. 


1079 COMMONWEALTH AVE. 


BOSTON 15, MASSACHUSETTS 
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YOUR DATA SYSTEM-HYBRID oR HONEYWELL? 
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The answer can be important fo you. True, you 
can combine several makes of instruments into a 
system and get adequate results. But you usually 
pay a penalty for hybrid systems. There’s the burden 
of responsibility for engineering and maintaining the 
system. There’s the question of whether it will do 
what you want it to. There’s the problem of modify- 
ing various makes of components to work together. 
And there’s the inconvenience of buying instruments 
and spare parts from several suppliers instead of one. 


Single-Source Responsibility. You avoid all of this 
with an all-Honeywell data processing or automatic 
control system. All components, from primary meas- 
uring elements to final controls, are supplied by 
Honeywell. If your requirements call for an analog 
or digital computer, Honeywell can supply it. From 
our systems engineers you get the advantage of 
experience gathered over 75 years of measurement 
and control work in scientific, military and industrial 
operations. And Honeywell takes full responsibility 
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for the system, from initial planning through install- 
ation and startup, and even including maintenance. 


Conserve your Working Capital. You can conserve 
working capital by leasing a Honeywell system from 
one to five years, paying for it as you use it. Because 
you lease at today’s prices, you’re protected against 
possible future price increases. Because you deal 
only with Honeywell, you needn’t worry about long 
negotiations with third parties. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. In Canada, Honey- 
well Controls, Ltd., Toronto 17, Ontario. 


BS aa > x 


> | 
ki GE'S eRING THE FUTURE 
YEA R 


Honeywell 
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FOR THAT 
VITAL STEP from 
PRINT to PROCESS 
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...in the planning stage 
Wheelco Engineers can help you 
with early planning. Their 
knowledge of instrumentation can 
save you time and money. 
Suggestions on economical and 
efficient system control are 


yours for the asking, 


Industrial Instruments e Automatic Controls e Air Distribution Products e Aircraft Controls.e Electrical Components « 
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Automatic Control Systems 


You can rely on Wheelco to implement your ideas for the best in 

process control e a broad line of flexible accurate instruments 

e a solid reputation for instrument dependability e¢ experienced WHEELCO 
engineering with twenty-five years of process instrumentation e INDUSTRIAL 
nation-wide service network of Wheelco offices, staffed by skilled INSTRUMENTS 
engineers ¢ modern plants, production techniques, and a dynamic DIVISION 
research and development program. Talk to the man who brings 

these advantages with him— the Wheelco Sales and Service Dept. K, 1548 Rock Street 
< e . ; i : Rockford, IIlinois, U.S.A. 
Engineer. He will help make the vital step from one-dimension niiieintiien bhitehiies. ill 


planning to three-dimension reality. Why not call him today? Dept. K, Toronto and Montreal, Canada 
Export Agent: Ad. Auriema, tne., N.Y. 


BARBER-COLMAN COMPANY 


Small Motors « Overdoors and Operators « Molded Products e Metal Cutting Tools « Machine Tools « Textile Machinery 
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PREDETECTED PCMIFM DATA ONLY THE MINCOM 
aa CM-100 IS NOW 
i «=~ PERFORMING 
OPERATIONAL 
PREDETECTION 
RECORDING 


Detected 
Data 
...and actually doing it at defense facilities 
as you read this advertisement 


5.0-mc IF carrier heterodyned down to 750 kc. Random-spaced pulses, 
20 us on-20 us off-type information. Sweep rate: 50 us/cm. 


Months of exhaustive field testing prove that the Model CM-100, Mincom’s latest instrumentation 
recorder/reproducer, is capable of performing predetection recording on an everyday operational 
schedule. Because of the CM-100’s 1-megacycle response and constant phase equalization at all 


speeds, an original IF signal of 5.0 mc can be heterodyned so that the carrier and its sidebands fall 
within the system’s frequency range. 


Standard Production Model 


In this standard production model, Mincom has reduced the series elements before data storage to 
receiver and mixer only, one step from the antenna. CM-100 thus records and reproduces the side- 


bands and carrier swing of a receiver intermediate frequency—and it does this with FM, FM/FM modu- 
lation, PCM and PCM/FM. 


Compatible Recording, Phase Equalization 


With Mincom’s predetection reception and playback, 
recording ground stations can be universal in the 
sense that all types of data systems can be handled by 
the same equipment. Uniform phase equalization at 
all speeds means that recorded predetected signals 
can be reduced in speed and studied with consistently 
good pulse response, using tunable discriminators. 


Versatile System 


The Mincom Model CM-100 does the work of two mag- 
netic tape systems by storing both analog and pulse 
data with equal facility. It is also capable of recording 
and reproducing greater bandwidths at slower speeds, 
making possible longer recording times—from 3 hours 
and 12 minutes at 62.5 kc—7\% ips, to 12 minutes 
recording 1 mc—120 ips. 





Interested? Write today for brochure. 


i 
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E>: ... WHERE RESEARCH IS THE KEY TO TOMORROW 
~ 


he 
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MINCOM »:: N JMiinnesora (finine ano (Yfanuracturinc company 


2049 SOUTH BARRINGTON AVENUE, LOS ANGELES 25, CALIFORNIA + 425 13th STREET N.W., WASHINGTON 4, D.C 
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T. J. Williams 


makes the most of process dynamics 


After listening to Monsanto Chemical Co.’s T. 
J. Williams present a new approach to computing- 
control, one in which he advocated a systems analysis 
of the process to find several loops that might be 
controlled by a special purpose computer instead of 
trying to bring the whole process under general pur- 
pose computer control, a listener was moved to 
comment, “Now here’s a fellow who is talking about 
process dynamics and their effect on control and 
knows what he’s talking about because he’s actually 
used process kinetics to develop a control system. 
And his realistic approach is the kind of thing that 
comes only from long experience in industry”. 

The listener would have been surprised to dis- 
cover that Ted Williams was in the U.S. Air Force 
as recently as 1956. But in the four years, since 
he traded his uniform for civvies, most people are 
willing to admit that Ted has packed in a decade 
of contributions to industrial process control. 

Service in the Air Force has been responsible for 
scrambling Ted’s life to some extent, though it was 
through his service that he was able to earn his 
degrees: a BSChE (1949), a MSChE (1950), a PhD 
(1955),—all from Pennsylvania State Universitv— 
and a MSEE (1956) from Ohio State University. 

Out of the Army Air Corps after World War II 
ended, ‘Ted enrolled under the G.I. bill as a chemical 
engineering student at Penn State. In his sophomore 
year, he was introduced to process dynamics, through 
a part-time job in the chemical engineering depart 
ment. To earn money to support a new wife, Ted 
became part of a project to determine if hold up 
(liquid kept on trays) was beneficial or not in dis- 
tillation. His job: set up differential equations for 
the distillation column and solve them by hand on 
a desk calculator. 

Throughout his undergraduate studies, Williams 
stayed interested in evolving and solving process dif- 
ferential equations for the distillation column and 
the interest continued into graduate school. In 1949, 
he started looking around for some computational 
help, first he used an IBM 604 calculator and then 
the CPC (Card Programmed Calculator). 

In December 1951, having just completed his 
course work for his PhD degree, Williams was 
ordered to active duty as a first lieutenant with the 
Air National Guard. In 1953, he applied for addi- 
tional educational training, asked to join the Air 
Force’s nuclear engineering program because it was 
the only one open that would lead to the doctoral 
degree. Although his application was turned down 
he was transferred to the faculty of the Air Force 
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Institute of Technology where his first job was 
to set up a chemical engineering curriculum of 13 
courses—all of which Ted taught in the three years 
he was there. 

Meanwhile, Williams pursued electrical engineer- 
ing courses at Ohio State (enough to win a MSEE 
degree) and worked on his doctoral thesis in chem- 
ical engineering. By the summer of 1956, having 
won his doctorate, he was ready to leave the Air 
Force and go into industry. 

He started at Monsanto as one of four technolo- 
gists hired to establish the Monsanto Systems group 
which was to plan ahead for the chemical company 
in all aspects of systems engineering: instrument test- 
ing, education, instrument development and evalua 
tion, and development of theory. His first job in 
this new group: evaluating analog computers and 
choosing one for a Monsanto simulation facility. 

In July of 1959, Ted was made supervisor of the 
Application Group in the systems section with the 
immediate problem of determining the status of 
computing-control and proposing the direction Mon- 
santo should take. 

Williams reached his conclusions on computing 
control the same way he attacks all process problems. 
He applied the systems approach, built a mathe- 
matical model which could be put on the analog 
computer so that kinetics could be studied. A pro- 
lific writer, he has had 82 technical papers pub- 
lished. And he feels he has just really started making 
the most out of process dynamics for control. 





M@ The Magnarator* is a metal or glass tube rotameter that clearly 


indicates flow rate and transmits a linear pneumatic output signal as well. 


But it is a true in-line, through-flow meter ...no nooks, crooks, crannies, or 


corners. Magnarators have no fear of the most troublesome liquids and 


gases. Even problem slurries flow directly through without hesitation. The 


motion balance transmitter is a design that has proved itself inherently 


accurate and dependable time and time again. And in the Magnarator it 


is at its very best. This is an outstanding companion to our present 


extension-type Magnabond* flow transmitter. 

















*Tradename of Fischer & Porter Company 
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Hardly a process exists 

that would not benefit by the installation 

of several Magnarator instruments. 

Look about you and the right spots 

will surely jump to your attention. 

Liquid ranges: 1 to 100 gpm water equivalent. 
Gas: 4 to 400 scfm air. Details in 

Catalog 10A2150. Fischer & Porter Company, 
810 County Line Road, Warminster, Pa. 


--> 
FISCHER & PORTER COMPANY 


COMPLETE PROCESS INSTRUMENTATION 
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@ Top Russian Spaceman Calls for Better Contro! 


Moscow—Fundamentally new guidance systems are needed for space 
exploration, Leonid Sedov, top Soviet space technologist, told a special 
meeting of the Russian Academy of Scientists, called to celebrate the anni- 
versary of Russia’s first Sputnik launching three years ago. He told the 
group that the control system which directed a Soviet vehicle to hit the moon 
last year was not accurate enough for such space exploration projects as a 
trip to Mars. 


@ Reed Relay for Europe 


Stuttgart—The reed relay, capable of exceptionally long life in switching 
applications, is being introduced into Europe by Standard Elektrik 
Lorenz AG. Based on a design originally evolved by the U.S.’s Bell Tele- 
phone Laboratories, the new component will have gold plated contacts, 
hermetically sealed in a glass tube filled with nitrogen gas and a small 
amount of hydrogen. Expected life: many million operations 


@ Japanese Project Tries Computer Talk 


Tokyo—Four Japanese researchers at the government’s Electro-Technical 
Laboratory have launched a project aimed ultimately at designing com- 
puters which can receive verbal inputs and which produce verbal outputs. 
As a starter the scientists have analyzed the oscillation patterns of vocal 
cords as they sound vowels and consonants, converted them to mathemat- 
ical form. And the group has programmed a Japanese Mark IV-A general 
purpose computer (developed at ETL last year) to supply an audible out- 
put. Although results have confirmed feasibility, the scientists feel they 
need a computer 5,000 times faster than the Mark IV-A (addition time: 
0.24 microsec) to get a sound similar to the human voice. 


@ Britain Eyes International Space Force 


London—United Kingdom is sounding out a number of other countries 
on joining a combined space research group. Britain’s Minister of Avia- 
tion Peter Thornycraft feels pooling efforts of Australia, Canada, and some 
European nations would give the group resources in space technology big- 
ger than those of the U. S. or Russia. Britain wants to use the Blue Streak 
IRBM, which has been cancelled as a weapon. Present plans would replace 
the Blue Streak’s inertial guidance system with a radio command control. 
Probable first efforts: space communications experiments. 


@ Competition Heats Up in Optical Reading 


New York—Last month IBM started marketing its optical character re- 
cognition device as input equipment for the IBM 1401 computer system. 
It was the third newcomer to the field in a month. The others: Philco 
and Briggs Associates. Striving to maintain its lead, Farrington Manu- 
facturing Co., will this month unveil a complete line of readers. 
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Sparse Attendance 
Shakes ISA Show 


Expecting 30,000 visitors, exhibitors watched just over 
15,000 registrants tour a show that was short on new developments. 
The question: is the ISA Show losing its audience? 


NEW YORK— 
When the 1960 Instrument Society 
of America show was set up in New 
York’s Coliseum late in September, 
veteran observers noted that the show 
covered almost 20 percent less area 
than the 1959 exhibit in Chicago. 
But the big disappointment was re- 
corded when the show closed and ex- 
hibitors noted the registration: just 
over 15,000, a little more than half 
the 30,000 that had been expected 
(last year’s attendance: 25,000). 
Although many exhibitors were 
quick to comment on the “high qual- 
ity” of those who attended, most ad 
mitted they would have been happier 
to see the aisles at the show crowded 
just a few times during the five days 
of exhibition. The reasons for the 
fallen attendance were giving instru 
ment makers cause for serious concern. 
\t first many blamed business which 
was said to be soft in spots. But those 
exhibitors who had seen or heard 
about the record 42,000 attendees at 
WESCON in August were not so 


willing to blame any recession, real 
or imagined. 

“What seems to be happening,” 
said one worried marketing manager, 
“is that electronic shows are stealing 
ISA’s audience. And because they are 
doing a better job of promotion and 
are collecting exciting and dramatic 
developments, these new shows are 
growing while ISA’s seems to be dry- 
ing up.” 

Certainly, a diligent control engi- 
neer was hard pressed to find very 
many new, exciting developments on 
display at the Coliseum. In fact, some 
of the most interesting conversation 
resolved around the prospects for spe- 
cial purpose digital computers, few of 
which were on display (for a discus- 
sion of this new development see “The 
Missing Market in Computing-Con- 
trol” on page 95). 

The most striking trend at the 
show was the return to prominence of 
pneumatic devices, particularly pneu- 
matic computing elements (see pho- 
tos). One reason for the renewed 


Giant digital plotter, built by Gerber Scientific Instrument, 
has accuracy of 0.001 in. over 48 in. by 48 in. area. 
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interest in pneumatics may have been 
the activity in pneumatic comput- 
ing elements which visitors to the 
Moscow IFAC Congress in June saw 
at the Soviet Institute of Autome- 
chanics and Telemechanics. Another 
reason may have been the pneumatic 
computing elements (quite similar to 
the Russians’) developed by the Dia- 
mond Ordnance Fuze Laboratory of 
the U.S. Army’s Ordnance Dept. and 
displayed at the ISA show. These 
unique units with no moving parts 
(CtE, May ’60, p. 26) won an ISA 
show award for one of its developers, 
B. Horton, and several manufacturers 
including Minneapolis-Honeywell have 
expressed an interest in them to the 
extent of building prototype units 

For the first time since the splurge 
f electronic process contro] in 1958, 
pneumatic control again shared equal 
emphasis in many booths. For ex- 
ample, Fischer & Porter displayed a 
pneumatic computing relay, a com- 
pact pneumatic indicator recorder, and 
a new miniature recorder. Taylor In- 
strument had its controllers displayed 
down the center of its booth—elec- 
tronic on one side, pneumatic on the 
other. Robertshaw-Fulton exhibited 
a pneumatic control system for inter- 
nal combustion engines and turbines 
just opposite the Microsen electronic 
control it purchased from Manning, 
Maxwell & Moore this year. Moore 
Products urged visitors to “build your 
own pneumatic analog computer” 
with components that could perform 
almost every arithmetic function. 

In an attempt to spread interest be 
yond the process control field, ISA 
invited a number of government re- 
search facilities to exhibit. Some of 
the most interesting things to be seen 
at the show were in the booths of 
such organizations as the National 
Aeronautics and Space Administration 
(a man-in-space capsule), Navy Elec- 
tronics Laboratory (underwater in- 
strumentation), Naval Medical Re- 
search Laboratory (medical instru- 
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MAKE A 
COMEBACK 


At Taylor 


booth, 


Instrument Cos.’ 
pneumatic controllers 
shared equal billing with elec- 
tronic controllers. A display of 
controllers, running down the 
center of the booth, showed 
pneumatic on one side, elec- 
tronic on the other 


At Foxboro Co.’s display, applied pneumatic 


control occupied an important spot 
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With pneumatic computing elements causing a stir, Moore 
Products emphasized an approach it has been urging for 
several years: build your own analog computer with com- 


mercially available modules 


Fischer & Porter’s new pneumatic miniature dial indicator 


as evidence that development continues on 


products. 


mentation and the National Bureau 
of Standards (state of the art in tem- 
perature and pressure measuring). 

Among the highlights in the com- 
mercial booths were these: 

>A multiple record-annunciator 
that records from 10 to 400 variables 
on chart paper mounted on a trans- 
lucent, backlighted platen so that an 
operator can read all variables from a 
desk or control console. Built by Kei- 
nath Instrument Co., the device is a 
data logger in which information is 
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plotted as a trace instead of being 
printed out as a digit. Key compo- 
nent is a time-shared millivolt poten- 
tiometer. The device is available with 
10 to 100 frames; each frame can 
record 1, 2 or 4 variables. 

> Giant digital plotter built by Ger- 
ber Scientific Instruments for the U.S. 
Army’s Corps of Engineers has an 
accuracy of plus or minus 0.001 in. 
over a 48 x 48 in. area. Analog plot- 
ters of this size normally have an 
accuracy no better than plus or minus 


0.015 in 
tioning 
to 0.0003 in. accurately locates the 
print head which has 8 print wheels. 
> Linearizing multichannel digitizer 
has been developed by Rosemount En- 
gineering Company using a magnetic 
disc and potentiometer. As the 
disc rotates, recorded magnetic bits are 
scanned by a reading head and 
counted. When the count equals the 
incoming magnetic signal, a null de- 
tector closes a gate, ending the count. 


Key component for posi- 
i ball screw drive ground 
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| WHAT’S NEW 


Tunnel Diode Oscillator 
for Microwaves 


PRINCETON, N. J.— 

Record power outputs—up to 10 milliwatts at 600 
megacycles—have been obtained from a new experi- 
mental tunnel-diode microwave oscillator developed 
by RCA’s electron tube division. Because it has been 
made insensitive to nuclear radiation, in addition, the 
new device is expected to find application in telemetry 
in radiation areas (such as space, nuclear test explosions, 
etc.), in radar systems, and in communications. 

The new device can be tuned easily either mechani- 
cally or electrically. RCA has built several oscillators 
to operate over the frequency range from 300 to 8,000 
megacycles. In addition to the power output indicated 
above, other oscillators have performed like this: two 
milliwatts output at 1,600 megacycles, 0.7 milliwatt at 
2,800 megacycles, 0.2 milliwatt at 5,500 megacycles, 
and 0.01 milliwatt at 7,100 megacycles. 


Russian-English Computer 
Dictionary 


BERKELEY, CALIF.— 

A 600,000-word dictionary has been converted to 
computer format at the University of California here 
as part of a program to automatically transiate Russian 
technical literature. Called RUSDIC, the mechanical 
dictionary will be used with an IBM 704 digital com- 
puter which looks up words for specific translation. 

U. of C. instructor Dr, Sydney M. Lamb, in charge 
of the program, is aiming for a translation rate of 360,- 
000 words per hour. A separate computer program 


has been designed to convert a conventional Russian 
English dictionary to the format required in the trans 
lation program. 

RUSDIC is being specially designed to translate 
Russian biochemical works, but the over-all system will 
produce intelligible English sentences out of any lan- 
guage for which a dictionary exists. Dr. Lamb’s system, 
when completed, will be usable on other computers, 
too, translating at a rate depending on the computer. 
On the IBM 704 computer, digital look-up operates at 
a rate of about 125 words per sec.; on an IBM 7090, 
look-up rate is increased to 500 words per sec. 


Electronic Scanner 
Runs Welders 


TWINSBURG, OHIO— 

Electronic equipment that scans 24 electrical welding 
units 320 times per sec is controlling welding operations 
at Chrysler Corp.’s stamping plant here. The gear 
automatically searches, controls, regulates, times, and 
keeps a record of the largest automatic welding assem- 
bly line in the automotive industry. 

The big problem at Twinsburg was timing the weld- 
ing operations because each weld requires tremendous 
amounts of electrical power. If two welders were to 
fire simultaneously, the power would drop sufficiently 
so that weld quality would suffer. 

With the scanner, welding machines are fired in milli- 
second intervals and no two weld at the same instant. 
In building the rail and floor span assembly, 860 sepa- 
trate welds are required on each assembly. 

In operation, the scanner checks each welder to see 
if it is ready to weld. If it is, the scanner then transmits 
a firing signal to draw welding power. 





Rapid Progress in Optical 
Maser Development 


The optical maser, a device that offers the 
possibility of amplifying light the same way 
microwaves are amplified, is moving closer to 
successtul application. In June, scientists at 
the Hughes Aircraft Co. demonstrated that a 
ruby crystal could be stimulated to emit coher- 
ent light. Last month, scientists at the Bell 
Telephone Laboratories transmitted coherent 
light signals 23 miles with optical masers of 
their own design. Purpose of the experiments 
was to demonstrate the feasibility of communi- 
cation with light waves. ‘Ihe optical maser 
theoretically offers a method of transmitting 
10,000 times as much information over a chan- 
nel as can be now carried by microwaves. Big 
problem still to be solved: how to build a con- 
tinuous optical maser. Both the Hughes and 
BTL devices (photo) are pulse operated units. 
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30 G TO 5000 CPS VIBRATION 
IMMUNITY 


100 MW. SENSITIVITY 


0.80" X 0.90" X 0.40" 


DPDT (POLARIZED) 


—65 C. TO +125 C. OPERATING 
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Sigma Series 33 Subminiature Relay 


(See reverse side for basic design & application data.) 


SIGNAL “INPUT” —SWITCHING “OUTPUT” The “33” is a DPDT polarized 
relay with magnetic bias (Sigma Form Y): when the coil is abruptly 
energized by a signal of given polarity and sufficient magnitude, 
the armature transfers from its normally-closed position to its sec- 
ond position; signal removal returns the armature to original position. 
Required energizing power is 100 mw. (VG Adjustment), or 200 mw. 
(VW Adjustment). Contact load rating is 2 amperes at 28 VDC/120 
VAC (resistive) for 100,000 operations minimum at +125°C., max., 
with standard silver contact materia!; gold alloy contacts are recom- 
mended and available for dry circuit applications. Contact resist- 
ance is 100 milliohms, max., after 100,CO0 operations at rated load. 


ENVIRONMENTAL CAPABILITIES The “33” will not open its contacts, 
whether energized or de-energized, at 30 g to 5000 cps vibration or 
under shock and constant acceleration of 70 g for VG Adjustment, 
100 g for VW Adjustment. All ratings apply over an operating tem- 
perature range of -65°C. to +125°C. 


TIMING CHARACTERISTICS AND THERMAL STABILITY of the relay are 
shown in the graphs, Figs. 1 and 2, 


MOUNTING STYLES, CONNECTIONS, MECHANICAL DATA All series 33 
relays are hermetically sealed in enclosures 0.80" x 0.40” x 0.90” 
high. Weight is approximately 18 grams, depending on mounting 
style and connections. Mounting styles available as illustrated: 
flange, side bracket or stud; connections: J-hook solder terminals, 
9-pin plug-in or 3” wire leads. All connections spaced on 0.200” grid. 


FOR FURTHER INFORMATION AND APPLICATION ASSISTANCE .. . write 
to Sigma, outlining in as much detail as possible your application, 
the relay driving and load circuits, and the required speed and rate of 
operation. We can then help you get the relay performance you want. 


SIGMA 


SIGMA INSTRUMENTS, INC. 


25 Pearl Street, So. Braintree 85, Mass. 
AN AFFILIATE OF THE FISHER-PIERCE CO. (Since 1939) 




















FROM RACE TRACK 


TO DEPARTMENT STORE 


Totalisator equipment installed in the tote room of track 


Totalisator for 
Retailer's Paperwork 


Uni-Tote for department stores, showing the key components. 


A data processing system for department stores borrows techniques from 


the gear that runs mutuel betting at race tracks. Its objectives are to speed 
up customer service and provide better accounting control. But retailers are 
asking two big questions: Is it too expensive? Can it be kept in operation? 


NEW YORK 

The most sophisticated control 
equipment ever developed specifically 
for retail merchandising operations 
was unveiled here last month by Uni- 
versal Controls. Called Uni-Tote, the 
data processing system connects the 
point of purchase automatically with 
credit department and a central con- 
trol center where running accounting 
totals of a day’s business are kept by 
the equipment. The new system per- 
forms the following jobs: 

> Prints out a sales slip. 

P Reviews credit customers’ stand- 
ing instantaneously and alerts the sales 
clerk if credit should not be granted. 

> Prepares a punched card for every 
transaction—sale or return—for addi- 
tional data processing such as inven- 
tory control. 

> Instantly totalizes all sales, classi- 
fying them according to cash sales, 
credit sales, miscellaneous charges, 
and taxes. 

> Prints each sale in a sales journal. 

From a systems standpoint, Uni- 
Tote looks very much like its big 
brother, Totalisator race track equip- 
ment (CtE, Sept. 59, p. 36), also 
built by the American Totalisator Div. 
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of Universal Controls. The most 
obvious similarity: all high speed com- 
puting is performed electromechani- 
cally by relays to boost reliability, 
instead of electronically. 

Uni-Tote input equipment would 
take the place of the cash register on 
the selling floor. Resembling a cash 
register somewhat, the unit has many 
more keys which actually are divided 
into two groups: one for numerical 
information and the other to indicate 
transaction steps. Inside the console 
of the input device, relay memories 
store the information punched into 
them in 59-bit blocks. These blocks 
are moved to the credit department, 
the centralized totalisator, or the card 
punch on the sales clerk’s command. 

¢Cash register operation—Here is 
how the system works. After a cus- 
tomer has miade his selection, sales 
clerk puts into the input device (see 
next page) a punched card ticket 
from the merchandise, a_ plastic 
punched card identifying the sales 
clerk, and the customer’s charge plate 
if it is a charge sale. As soon as the 
sales slip is inserted, a sequencing 
mechanism will light up five keys 
offering the clerk a choice of transac- 


tions such as: take, send, exchange, 
return, or adjust. After the sales clerk 
has pressed the proper button for 
the transaction underway, two other 
keys are lighted (and those already 
lit are extinguished) offering a choice 
of multiple quantities or just one 
item. If more than one item has 
been purchased (for example six 
shirts), the sales clerk then punches 
in the number (six in this example) 
on the left hand set of keys. 

Punching in the multiple quantity 
button and the number of units causes 
the sequencer to light still another 
set of keys offering a variety of taxes to 
be incorporated and printed out on 
the sales slip. When this is complete, 
a series of buttons is lighted offering 
the choice of special charges such as 
shipping, gift wrapping, or service 
charges. After pushing a_ service 
charge button, the clerk then punches 
in the actual charge. 

Finally the clerk punches a total 
button that sends the totals of the 
sale to the totalizer which adds it to 
sales figures for the day already re- 
ceived from other selling units. The 
figures carried by the central totalize- 
are classified according to cash, sales, 
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Tally punched 
tape readers 
and perforators 
- require less 
input and: 
output logic. 


THEY CUT COSTS 


IN ANY PUNCHED 
TAPE SYSTEM 


On only one asynchronous 
command, your Tally reader 
will static read, advance with- 
out reading in either direction, 
or simultaneously read and ad- 
vance. It will read 5, 6, 7 or 8 
channels without modification. 


Perforators operate asynchro- 
nously up to 60 characters per 
second. Oil mist lubrication’cuts 
noise. Standard equipment in- 
cludes remote controlled tape 
back-up. 

Tally engineers specialize in 
punched tape processing equip- 
ment offering the most complete 
line available. Special tape read- 
ers, perforators, reader perfora- 
tor combinations, tape consoles, 
and associated equipment are 
available from one source. 
WRITE FOR COMPLETE TECHNICAL DATA 
Full information on Tally readers 
and perforators is yours for the 
asking. Please address Dept. 21. 





REGISTER CORPORATION | 
1310 Mercer Street Seattle, Washington | 


“Integrity in Tape” 
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These keys are 
pressed for any 
numerical information 
required 





This shows amounts keyed in on 


numerical side 


These keys light the way 
to successive steps 
necessary to complete the 
transaction 








charge sales, and miscellaneous re- 
ceipts from service charges. 

¢ Credit alert—In a charge sale, as 
soon as the reader has closed on the 
customer’s charge plate, identifying 
information on the customer is read 
and transmitted to a watch file in the 
credit department. A_ photoelectric 
celi scans the items placed in the file 
and if the customer’s account is in this 
file for any reason, a special light 
warns the sales clerk that credit is to 
be withheld. Meanwhile in the credit 
department, an alarm is sounded and 
the customer’s name and number are 
printed out in red. At the same time 
telephone communication is auto- 
matically set up between the selling 
point and the credit department. 

If the transaction is consummated, a 
printer at the input device types out 
the information on a sales slip which 
becomes the customer’s copy of the 
transaction. The same data, are car- 
tied to the card punch and converted 
to a punched card. 

¢ Retailing doubts—Discussing po- 
tential use of Uni-Tote with retailers, 
CtE learned that the system will force 
a change in many retailer’s thinking if 


Closeup of input device keyboard. 


it is to be adopted. Many retailers are 
interested in such equipment, but had 
expected to find input devices that 
would cost from $10 to $50 each. 
(Although no price tag has yet been 
set on Uni-Tote, which is to be rented, 
even a monthly rental is sure to ex- 
ceed the $50 limit). For one thing, a 
large department store such as Bloom- 
ingdale’s in New York City would 
need at least 500 input devices. In 
addition, many store executives are re- 
luctant to replace the expensive cash 
registers they have already purchased. 
Another doubt in retailers’ minds: 
can such complex equipment be kept 
running? Universal Controls points 
to its long reputation for reliability 
with racetrack betting equipment, 
claims it will be able to duplicate 
the record in retailing. But there are 
some significant differences. For one 
thing, the mutuel betting equipment 
involves the sending of a single pulse 
from a ticket seller to the totalizating 
equipment, whereas Uni-Tote will be 
transmitting blocks of digital infor- 
mation. And the store input equip- 
ment will have a_ typewriter-type 
printer, likely to need maintenance. 
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Ketay Servo Components 


available separately. 


Ketay servo components are recognized throughout 
industry and military agencies for outstanding accuracy 
and reliability. The advanced designs and quality 
control techniques provide precision to satisfy the most 
exacting requirements of today’s servo systems. 

Now this same high reliability is available to your 
servo systems with Ketay modular packages. These 
packages are produced with the identical quality control 
procedures as are the individual components... and 
provide your servo systems with the maximum accuracy 
of the individual components. 


¢ 


Here are a representative group of Ketay components 
available separately or packaged in combination. 


Control and torque transformers; trans- 
mitters and receivers; torque and control differential 
transmitters to MIL-S-20708A. Sizes 05 to 31. 


Featuring high ratio of stall torque 
to power input at maximum rpm. A wide variety in 
frame sizes from 05 to 23. Exceed environmental 
requirements of MIL-E-5272A. 


or in modular packages 


Complete range of servo amplifiers, tran- 
sistorized and magnetic. Outputs from 1.5 to 9 watts, 
designed to operate in ambients from —55° to +125°C. 
Also dual channel resolver amplifiers. 


A wide choice of types including 
single-turn and multi-turn, with linear and non-linear 
windings, ganged potentiometers as well as sector and 
pendulum pots. High temperature (to 300°C) and 
nuclear resistant models. 


Size 08 to 23 resolvers available offering 
functional accuracies to .03%, stability over a range 
of —55°C to +125°C, high input impedance. Vernier 
resolvers available with null spacing accuracy of 10 
seconds. 


E GYk Variety of gyro spin motor 
and pick-off recterver erie may be combined to fulfill 
desired specifications. 


TAC AAT 


Integrating and damping 
types. Size 15 integrating model requires no warm-up 
time, meets environmental requirements of MIL-S- 
17806. Size range from 08 to 18. 


For prompt, detailed information about Ketay components or assemblies, write. 


KETAY DEPARTMENT 


NORDEN DIVISION 
UNITED AIRCRAFT CORPORATION 


COMMACK. LONG ISLAND, NEW YORK 
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more ohms per pound, 


less cost per megohm! 


HOSKINS ALLOY 


835 L559) Ra Precision 
Resistor Wire 
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12.8 to 14.1% more ohms per pound! 10.8 to 12.7% 
less cost per megohm! These are worthwhile savings 
you can realize by using Hoskins Alloy 815-R in your 
precision wire-wound resistors. It’s lower in density, 
has higher resistivity than standard 800-ohm nickel- 
chromium alloys. Yet it possesses comparable strength, 
ductility, resistance to corrosion. Its low temperature 
coefficient (0 +10ppm per °C. from —65° to +150°C.) * 
is inherently controlled in the melt, rather than by 
“aging”, to assure optimum uniformity. And it’s 
available now bare or enameled in wire sizes ranging 
from .0031” down to and including .0004” to meet 
your particular application requirements. 


Yours for the Asking— Handy new Resistor Wire 
Comparator showing actual savings obtainable for 
each wire size. 12-page catalog containing com- 
plete technical data. Sample spools of wire for 
testing and evaluation. Send for them today! 


*Wire controlled to 0 + 20ppm/°C. also available at greater savings — up to 19.6% lower cost/megohm, 


HOSKINS manvracrTurRING COMPANY 


4449 Lawton Avenue « Detroit 8, Michigan ¢« TYler 5-2860 
nada: Hoskins Alloys of Canada, Ltd., 45 Racine Rd., Rexdale P.O., Toronto, Ontario 
? f ¢ t stance, Re 


n Quality Re stor and Thermo-Electric Alloys since 1908 
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WHAT’‘’S NEW 


IBM’s Stretch 
To Work for Industry 


NEW YORK— 

IBM’s big, high speed (2 million 
instructions per sec) Stretch com- 
puter has been ordered by CE IR, Inc., 
an independent research and computer 
services firm; it is the first nongovern- 
ment order for such a large computer. 
CEIR will install the giant machine 
in its Los Angeles Research Center, 
will pay IBM a rental of $300,000 per 
month. The service company expects 
to solve problems in economics, en- 
gineering, and data processing that 
cannot be solved by computing equip- 
ment normally rented by a company. 

To CEIR’s president, Dr. H. W. 
Robinson, Stretch will open up new 
horizons in problem solving. For ex- 
ample, economists will be able to 
solve marketing, distribution, and pro- 
duction problems that have defied 
analysis because the economic models 
dictated a quantity of computation 
and memory storage that was not 
previously available or was too expen- 
sive. Stretch not only can perform 
75 billion computations in a 24-hour 
day, but its main memory can store 
100,000 64-bit words, and its disc 
file memory holds 2 million 64-bit 
words. Another broad application, 
says Dr. Robinson, is solving complex 
nonrecurrent engineering problems 
such as three dimensional heat trans- 
fer in thermodynamics. , 

CEIR expects the giant computer 
will generate $10 million a year of 
business. The company estimates it 
will need a staff of 500 engineers, 
economists, analysts, programmers, 
and computer operators to keep the 
machine busy full time. 

One interesting way CEIR expects 
to use the new machine is by sublet- 
ting time to outside companies who 
are connected to it so that the one 
machine will serve a number of users. 
Each user might have its own input- 
output equipment on its property to 
be tied into Stretch by a data trans- 
mission system. ‘The arrangement 
would give a number of companies the 
capability of a Stretch computer with- 
out requiring the installation of such 
a large, expensive machine. The de- 
sign of Stretch allows it to work on 
several different problems at the same 
time. 

Los Angeles was chosen for this 
pioneering installation because of the 
LA area’s tremendous demand for 
computer time expressed by defense 
and commercial businesses. 
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WHAT GOES ON HERE? 


Bell Telephone Laboratories’ new electronic 
“nerve cell” is a step toward finding out 


One fascinating area of communications has long re- 
sisted exploration — what happens inside the nervous system 
when you see, or when you hear. 


This area is of special interest to telephone science; 
knowledge of how the nervous system handles sound and 
picture signals can help determine what information is 
essential to perception. This in turn may lead to more 


efficient communication instruments and systems. 


To probe the mystery of nerve activity, Bell Telephone 
Laboratories scientists have developed an electronic model 
of a living nerve cell or neuron. Consisting of transistors, 
resistors, capacitors and diodes, the “artificial neuron” 
exhibits many of the characteristics of a living neuron; for 
instance, “all-or-none” response and fatigue. 


Network of neurons is assembled by L. D. 
Harmon of Bell Laboratories, the initiator of 
this new research. Many kinds of assemblies 
are possible. 


In one experiment at Bell Laboratories, a network of 
artificial neurons is subjected to a stimulus from light 
through a set of photocells. The network can distinguish 
specific patterns of light and dark, thus duplicating roughly 
some of the eye’s basic reactions to light. Similar studies 
are underway to explore our hearing processes. 

At present, too little is known about neural action to 
permit exact electronic duplication. But experiments with 
artificial neurons can provide suggestive clues, contributing 
to a stimulating interplay between electronics and neuro- 
physiology which may help workers in both disciplines. 


The human nervous system, including the brain, is the 
most efficient and versatile data processing system known: 
and data processing is an essential part of communications. 
The artificial neuron provides a new approach to investi- 
gating and understanding basic nerve network functions. 
It is a fresh example of how Bell Telephone Laboratories 
constantly explores new frontiers to improve America’s 
communications system, now and in the years ahead. 


A single artificial neuron. It delivers electri- 
cal impulses when stimulated, like a living 
cell. Neurons are also being used for research 
into hearing. 


BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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LOAD CELL PRESSURE GAGE 


Simplify stress 
measurements with 
PhotoStress gages 


from Baht f— 


These versatile Photo- 

Stress gages offer striking 

opportunities to simplify 

test set-ups or to get per- 
manent indication of stress on struc- 
tures, tools and machines. They read 
directly the magnitude of both prin- 
cipal strains for any biaxial stress 
field... also show load misalign- 
ment. Budd PhotoStress gages are 
completely self-contained, need no 
instrumentation ... are easily 
bonded to almost any material. Re- 
sponse is fast .. . sensitivity and zero 
are stable with time, unaffected by 
humidity. Illustrations show only a 
few of many possible applications. 
Write or call for full information or 
application assistance. 


IUSTRUMENTS i 
y bY) 7 0] Eee 


P.O. Box 245 * Phoenixville, Pa. 





Consult your phone book for sales offices in: 
Atlanta, Ga., Oak Park, Ill., Dallas, Tex., 
Los Angeles, Calif. 

In Canada 

Budd Instruments, Ltd., 170 Donway West 
Don Mills, Ontario, Canada 

In Europe 

Budd, S.A., 10 Avenue de la Grande Armée, 
Paris 17¢, France. 
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Big Day for 
Computing-Control 


Technical details of computing- 
control applications in the process 
control industry have been almost im- 
possible to get. Most of the pioneer- 
ing users, like Texaco, Union Carbide, 
and Du Pont, have maintained a tight- 
lipped silence about what they are 
doing. But last month, two work- 
ing computing-control applications a 
thousand miles apart were demon- 
strated on the same day. 

Both Monsanto Chemical Co. and 
Standard Oil Co. of Indiana picked 
October 13 for their demonstrations. 
Outside New Orleans (at Luling) at 
Monsanto’s Barton Plant, a TRW 
Computer Co. RW-300 was seen con- 
trolling an ammonia-making process 
(see page 103 for a special 12-page 
report on this installation). Mean- 
while at a Whiting, Ind., refinery, 
SOIND engineers were showing how 
an IBM 704 computer was being used 
in open‘loop control of the world’s 
largest crude unit. 

eSOIND’S start — Reports about 
SOIND’s project have been making 
the rounds of industry meetings for 
almost two years, but it was only last 
spring that the oil company decided to 
proceed on its 140,000 barrel a day 
crude distillation unit (for a brief ac- 
count, see CtE, June *60, p. 40). 


WHAT’S NEW 


What had been responsible for the 
decision to move ahead was the suc- 
cess of a study on a smaller unit. Col- 
lecting 100 instrument readings of 
temperature, pressure, and flow every 
four hours from a 60,000 barrel a day 
unit, SOIND researchers put the data 
on punched cards, then calculated 
material and heat balances on an IBM 
650 computer. Using statistical tech- 
niques the researchers refined the cal- 
culations and obtained suggested con- 
trol adjustments that operators would 
never have made without the com- 
puter diagnosis. 

Cheered by success on the smaller 
unit, SOIND decided to extend com- 
puter control to the large crude unit 
for three reasons: it involved a large 
total dollar value of product; it had 
frequent fluctuations of significant, 
uncontrollable variables such as feed 
quality; and it had to perform with a 
large number of constraints such as 
product quality, heat loads, etc. 

¢Open loop—SOIND programmed 
its IBM 704 computer, normally used 
by the engineering department for 
scientific problem solving, to scan 196 
inputs of immediate operating data, 
to compare them to previous data in a 
sophisticated averaging routine, and 
then to calculate optimum operating 


CRUDE DISTILLATION UNIT 
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Inland; d-c torque motors 











provide direct drive servo positioning... 


Ss. NO BACKLASH 


Complete range... 0.1 to 3,000 pound-feet 


Inland offers a complete line of compact d-c 
torquers for airborne, shipboard or ground service 
stabilization and tracking systems. Increased 
system accuracy has been achieved by mounting 
the torquers directly on the driven member. This 
completely eliminates gear backlash and other 
problems normally associated with gear trains, 
reduces substantially over-all friction error, and 
improves the over-all constant of the system. 
In addition, Inland’s d-c torquers combine the 
compact pancake shape with very high peak 
torque, low input power, and high angular 
resolution. 


Exclusive commutator and brush rigging design 

Inland hes achieved this compact pancake shape = Ae Seams gtemG—iuland makes & wile Man af Gom- 
while maintaining the low-power input to high- trol amplifiers for systems duty with Inland torquers. 
torque output ratio of a d-c torquer. Write for technical details. 








COMPARE THESE RATINGS WITH A TYPICAL SERVO MOTOR-GEAR TRAIN COMBINATION 


T-2136-A T-2136-B | T-2136-D 

Peak torque, oz. in. 35 35 35 
Volts at peak torque, stalled at 25°C 26.0 20.6 33.5 
Amps at peak torque 1.6 2.0 | 1.3 
Total friction, oz. in. 0.8 0.8 0.8 
Rotor Inertia, oz. in. sec? .007 .007 | .007 
Weight, oz. 9 9 9 
Dimensions (inches): he 

O.D. 2.81 

1.D. 1.00 1.00 

Thickness .63 .63 


For complete data on these or other Inland d-c pancake torquers, address Dept. CE, 
Inland Motor Corporation of Virginia, Northampton, Massachusetts. 


(iy/4 UNLAND MOTOR 52°:224h2 


A SUBSIDIARY OF KOLLMORGEN CORPORATION 
NORTHAMPTON, MASS. 
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3 -IN-ONE 


AMCO ENCLOSURE SYSTEM 
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Provides Cooling, Mounting and Lighting 
for Electronic Instruments in Any Installation 


No one type of enclosure meets all environmental and 
physical demands. AMCO has developed 3 complete 
systems integrated into 1 system with interchange- 
able accessories, applicable for both commercial and 
military use. 


CUSTOM ... When space and appearance are critical 

. 16 ga. double-channel steel frames, based on 
increments of 19,” widths, supports in excess of 3000 
Ibs. Multi-width panels and cowlings give single-unit 
appearance with series mounted racks. Meets EIA 
Standards. 


SEMI-CUSTOM. .. Heavy-duty, more internal clearance 
. . . 14 ga. box-channel steel frames, 12 ga. gusseting 
provides exceptional rigidity both front-to-back and 
side-to-side. Frames based on 22;,;” increments pro- 
vides clearance for recessing 19” wide panels. Meets 
EIA Standards. 


ALUMINUM ... Unique! Meets any size... almost any 
configuration from 6 basic parts . . . 3 castings and 3 
extrusions. Any size from 6” to 20 ft.; any slope from 
0° to 90° is standard. Mil Specs strength and material 
(6061-T6 extrusions and 356-T6 castings). 

In addition, Amco manufactures all necessary blowers, 
chassis slides, doors and drawers, writing surfaces, 
cowling lights and other accessories. Check the extra 
savings you get thru Amco’s combined-discount system 
of racks and accessories, PLUS FREE ASSEMBLY. 
Amco is your one complete source of Modular Instru- 
ment Enclosure Systems and Accessories. Write today 
for catalog of complete specifications. 


REALISTIC 3 WEEK DELIVERY 











Factory trained representatives in principal cities 
® of U.S. and in Canada. 


AMCO ENGINEERING CO. 


7333 West Ainslie Street, Chicago 31, Illinois 
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WHAT’S NEW 


conditions for the crude unit. 

The 704 computer was used because 
it was available. SOIND has not 
yet decided on a computer for future 
projects, but because the 704 was 
originally installed for problem solving 
(and still is the workhorse of engi- 
neering, its use in process control dic- 
tated some special hardware. 

In a newly built annex alongside the 
still’s control building, a terminal unit 
was installed to connect process sig- 
nals with the data processing equip- 
ment. After analog process measure- 
ments are brought into a solid state 
logic unit which sequentially scans the 
196 inputs in 75 sec and amplifies 
and digitizes them, the data are coded 
for transmission by telephone line to 
the computer center one mile away 
where they are converted to punched 
cards or enter the machine directly. 

Added to the computer is a “real 
time package” that can receive or 
transmit digital signals to and from 
the terminal equipment. Output of 
the computer is transmitted to an elec- 
tric typewriter which prints out a 
computed setpoint for controllers. At 
present the still operator reads the 
printout and makes his controller ad- 
justments manually, but SOIND has 
plans to close the loop, going directly 
from computer to controllers. 

Purpose of the computing-control 
on the giant crude unit is to optimize 
profit. SOIND engineers developed 
a profit equation to obtain the best 
settings for 19 variables. The tech- 
nique relies on linear programming 
with 54 dependent variable equations 


Navy Eyes Automatic Ships 


Project Dyna is a study to reduce 
operational costs of Navy ships 
with more instrumentation and 
automatic control. 


WASHINGTON 

The Navy may turn to more instru- 
mentation and automatic controls 
aboard its ships to combat rising oper- 
ational costs. Operating under the 
code name Dyna, a small group of 
oficers in the Office of Naval Re- 
search is exploring ways to increase 
mechanization of ships now. 

What stimulated Dyna: Navy ships 
are getting increasingly complex as 
new feature after new feature is added. 
And as the ships grow in complexity, 
it takes an ever increasing number of 
men to operate them. Combined, 
these two factors are mushrooming the 
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WIRE AND CABLE 


OU PONY 








You have asked... 


Q. How is polyethylene tested 
for thermal stress cracking? 
And is there a standard test? 


A. There are a number of tests 
for investigating thermal stress 
cracking (cracking which 
appears as a result of high-tem- 
perature exposure combined 
with mechanical stress in the 
material when neither tempera- 
ture or stress alone would cause 
cracking). One of the tests in- 
volves wrapping an insulated 
wire around its own diameter 
and placing it in an oven at 
various temperatures. Then the 
length of time required for 
cracks to appear is noted. 


If the resin is susceptible to 
oxidation, a nitrogen or other 
inert atmosphere must be used. 
When comparisons are to be 
made, it is necessary to take 
into account the size and type 
of the sample, its previous his- 
tory, the test equipment and 
conditions, including the type 
of atmosphere. Users of wire 
and cable usually need not con- 
cern themselves with thermal 
stress cracking because, as a 
rule, no resin manufacturer will 
offer, and no wire manufacturer 
will use, resins that are in the 
least prone to thermal stress 
crack or to oxidative embrittle- 
ment. 

Field failures from this prob- 
lem should be unknown, since 
the suitability of a PE is usually 
determined long before the ma- 
terial appears on wire. Never- 
theless, thermal stress cracking 
should not be disregarded, par- 
ticularly if a user or manufac- 
turer is contemplating some 
sort of new or exotic resin. Res- 
in selection always should be 
made on a basis of clearly de- 
fined end-use properties. 


Du Pont does not manufacture wire and 
cable, but supplies thermoplastic resins to 
the wire and cable industry. 
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The dramatic space savings made possible through the use of control cables protected with Du Pont 
ALATHON polyethylene resin and ZYTEL nylon resin are shown in the illustration above. The newer cables 
(above) in the tray distribution system are connected to an older conduit system (below), which requires 


considerably more space. 


Dramatic space savings possible with 
contro! cables using ALATHON® and ZYTEL® 


Depending upon the number and size 
of the conductors, control cables oe 
ALATHON and ZYTEL can save 20% 
35% in thickness over the poke ad 
constructions in the same class. Thus 
many more conductors can be installed 
in existing conduits, or additional space 
can be saved through the use of economi- 
cal tray distribution networks. 

The superior insulating qualities of 
ALATHON permit a thinner insulation of 
.015” to .030’’. As a secondary insula- 
tion, a .004” to .006” skin of ZYTEL im- 
parts exceptional abrasion resistance. 
Wear from flexing at contact points, and 
failures due to rough handling at termina- 
tion points are virtually eliminated. 

A high molecular weight jacket of 
ALATHON withstands weathering, envi- 


ALATHON’ 


POLYETHYLENE RESINS 


RULAN 


ronmental stresses, corrosive elements, 
and abrasion. It allows miles of cables to 
be pulled through serpentine tray net- 
works without fear of “skin-back” or 
other physical faults, and where extreme 
mechanical abuse or chemical attack pose 
a problem, an outer armor of ZYTEL in- 
sures reliable service. 

You may find that the use of ALATHON 
and ZyYTEL will give you increased reli- 
ability at lower cost. Find out how by 
consulting your wire and cable supplier, 
or write for Du Pont’s technical bulletin, 
“Signal and Control Cable Design.”’ Ad- 
dress: E. I. du Pont de Nemours & Co. 
(Inc.), Dept. E-11, Rm 2507A, Nemours 
Building, Wilmington 98, Delaware. 

In Canada: Du Pont of Canada Limited, 
P.O. Box 660, Montreal, Quebec. 


ZYTEL’ 


. . FLAME-RETARDANT PLASTICS NYLON RESIN 
Better Things for Better Living... through Chemistry t sins 
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The new MUIRHEAD abridged catalogue briefly describes the 
latest instruments in production and quotes the reference numbers 
of the publications which more fully describe individual types. 

Send for your free issue today. 


“TECHNIQUE” 


Muirhead ‘TECHNIQUE’ is a quarterly publication containing 
articles and news of interest to designers. Are you on the mailing list? 


MUIRHEAD 


PRECISION ELECTRICAL INSTRUMENTS 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York 17, N.Y., U.S.A. 
Tel: Murray Hill 2-813! 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada. Tel: 3717 & 3718 
MUIRHEAD & CO. LIMITED, Beckenham, Kent, England. Tel: Beckenham 4888 
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WHAT’S NEW 


costs of building and operating ship 

The Dyna group wants to design 
from scratch a group of modern ves- 
sels using the most advanced tech- 
nology available. The propulsion sys- 
tem of ships is a good example. First 
the Dyna officers want to reassess the 
traditional use of steam propulsion in 
ships. One thing it wants to study is 
the use of gas turbines to power ships. 
And as nuclear power wins acceptance, 
it will be a leading contender for some, 
if not all, major Naval vessels. 

Even working with the conven- 
tional steam plants, Dyna thinks auto- 
matic controls can reduce shipboard 
personnel to a half dozen or less in this 
area from the 50 to 60 men presently 
used to operate a ship’s propulsion 
system. 

Further mechanization in the fields 
of communication and navigation 
should produce similar results. And 
maintenance crews aboard ship could 
be pared to the bone if the Navy 
established reliability criteria compar- 
able to those now applied in similar in- 
dustrial operations. 

Even such housekeeping jobs as 
record-keeping could be automated to 
free shipboard personnel for more pro- 
ductive jobs. The Dyna officers want 
to automate paperwork procedures 
for essential records. 

Cutting manpower requirements for 
its ships means real dollars and cents 
savings to the Navy. For example, as 
the Dyna group envisions it, a de- 
stroyer that now carries a complement 
of about 265 officers and crew may be 
reduced to only 30 to 60. 

This adds up to impressive dollar 
savings when viewed on a fleet-wide 
basis. For example, as an average it is 
figured that over the 20-year life of a 
ship, a reduction in complement by 
one officer saves $212,000. For every 
enlisted man eliminated, a saving of 
$122,500 is achieved. 

Promising as the Dyna concept of 
a new Navy appears, the small cluster 
of officers working on the project know 
that it is still a long way off. The 
next step is for the group to work 
out more detailed plans and have 
them approved by top Navy Brass. If 
this is accomplished, then a series of 
specialized studies would be started 
in all major elements of shipboard 
construction and operation. 

Eventually, a prototype vessel 
probably a destroyer—would be built 
to test out new ideas. At the earliest 
by 1970-1975, the Navy may see such 
vessels as Dyna envisions operating on 
the high seas. —S. Payne 

McGraw-Hill News 
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Improved reliability » Greater capacity + No increase in price 


NEW DIRECTIONAL VALVE DESIGNS 
with Vickers. Cab"E="Lé sotenoms 


New Q-E-L* solenoids assure quiet, cool operation plus 
shock-free performance through superior cushioning. 


Four to five times more cycle life than previously obtainable with 
ordinary air-cooled solenoids. 


Capacity increased from 50 to 500% on new designs. 


All models suitable for pressures to 3000 psi. 


Complete range of sizes available for maximum flows to 440 gpm. 


VICKERS INCORPORATED 


Q-E-L designates Quiet Extended DIVISION OF SPERRY RAND CORPORATION 
Life solenoid—a Vickers exclusive. achinery Hydraulics Division 


ADMINISTRATIVE and ENGINEERING CENTER 
Department 1606 © Detroit 32, Michigan 
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Mathematicians Ride High 
At First JACC Conclave 


CAMBRIDGE, MASS.— 
To assuage the complaint of “too 
many technical meetings” in the con- 
trol field, five U.S. technical societies 
ASME, IRE, AIFE, AIChE, and 
ISA—are sponsoring one annual tech- 
nical conference to span the full gamut 
of control. Hosted by the ASME, the 
first annual Joint Automatic Control! 
Conference drew 750 control engi 
neers to the Massachusetts Institute of 
l'echnology campus in September to 
hear three days of presentations that 
inged from high level mathematics to 
practical hardware applications. One 
\oparent trend that could be noted 
om this unified gathering: mathe- 
matics is destined to plav a bigget 
" iole in control. 

“ In fact, in what might be called the 
agree a “high level sessions”, mathematics 
see , practically took over. From papers, 
discussions, and questions at these 
} HAMS oe : sessions, one thing became clear: 
| ; : ce ; classical mathematical techniques are 
being resurrected in greater numbers 
apres Bits: by mathematically-minded control en- 
eer ee gineers—or perhaps more correctly, 
control-oriented mathematicians — for 

understanding complex systems. 

Some typical subjects: optiomal 
de ere bs ’ ee switching, dynamic programming, op- 

| sSiappegeees eas oe Ree timum multivariable control, and 
e > linear filtering and prediction theory. 

One concern of some listeners was 
I (is that the mathematics might so eclipse 
| toa : the control aspects that applications 

would be replaced by abstract exer- 
cises in logic in the theoretical presen- 
| tations. Some theoreticians apparently 
es a ee shared this concern, were careful to 
point out such limitations as this: find- 
very ing general mathematical forms for 
p ry ee ae systems problems is not enough. In 
; ae one of his several erudite presenta- 
tions, R. Kalman of the Research In- 
stitute of Advanced Study emphasized 
this point by noting that equations, 
to be useful, must be put into a 
form in which numbers can be in- 
serted—specifically, they must be for- 
mulated so they can be solved on a 
digital computer. 

Other theoreticians strove to intro- 
duce hardware into their presentations 
ged to keep them from assuming a too 

academic tone. In several papers on 
“ adaptive control, for example, hard- 
| ware approaches were described even 

. when the investigators had_ tackled 


Elabies Machanica somewhat trivial problems. In one, a 
VA speaker talked about changing model 
iS dynamics while describing a system 


that merely adapted the steady-state 











‘ Write for Bulletin CEC 5124-X3 
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CONSOLIDATED ELECTRODYNAMICS / pasadena, california 
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gain. And he used the term adaptive | 
to describe what might have better | 
been called feedforward. 

¢ Lyapunov’s second method—T'ypi- | 
cal of the new trend to employ com- 
plex mathematics is a_ technique 
known as “Lyapunov’s second meth- 
od”, which was originally developed 
almost 50 years ago in Russia. Sudden 
awakened interest in the technique in 
the Soviet Union has jumped across 
the world to kindle avid curiosity in 
the United States. The day before 
the JACC formally opened, early 
birds attended an AIKE Feedback 
Control System Committee Work- 
shop on the technique. 

In an introductory paper Yale Uni- 
versity Prof. W. J. Cunningham ex- 
plained to 90 invitees the fundamen- 
tals of Lyapunov’s approach: a stable 
system can be characterized by stored 
energy which is itself a positive quan- 
tity with a negative time derivative. 

“This concept of energy and its rate 
of change”, said Cunningham, “‘is ex- 
tended in Lyapunov’s second method. 

A more general ‘Lyapunov func- 
tion’ is used, rather than energy itself. 
If a system is asymptotically stable, a 
Lyapunov function can be determined 
for the system. 

“Conversely”, he added, “the exist- 
ence of such a function for a given 
system implies that the system is 
asymptotically stable.” 

In the eyes of some theoreticians, 
the “second method” is potentially a 
powerful tool for control engineers to 
help determine the stability of a con- 
trol system. But finding the Lyapu- 
nov function for all but the simplest 
systems remains a difficult task. Lya- 
punov never developed anything on 
how to construct these functions and 
although a Russian theoretist, A. M. 
Letov (CtE, Nov. ’58, p. 13), has 
described methods for constructing | 
some functions, considerable work is 
still required to make the method 
useful in a variety of applications. 

¢ Applications slim—JACC sessions 
on components and applications lacked 
the meat of the sessions on theory. 
Many of the papers described well 
known case histories without adding 
much new. But a few of the presen- 
tations were outstanding. For exam- 
ple, Princeton University’s Leon La- 
pidus presented a significant paper on 
dynamics of chemical reactors, review- 
ing the current status and future 
trends and classifying reactors as 
lumped-parameter or distributed-pa- 
rameter systems. 

After three days of control discus- 
sions in Boston, most engineers were 
ready to agree on one point: the joint 
conference was a solid idea. Next | 
year’s (host: ISA) will be held in 
Boulder, Colo. —Harry R. Karp | 
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WHAT’S NEW 


Explosion Suppression 
by Explosion 
NEW YORK 

After four years of trial installation, 
Fenwal, Inc. is ready to market a 
unique explosion suppressant system 
that prevents serious damage from 
blasts by detecting an incipient explo- 
sion and extinguishing it before dam- 
age is done. Originally developed in 
England by the Graviner Manufactur- 
ing Co. Ltd., the system depends on 
the fact that most explosions are not 
instantaneous but start as a fire, grow 
as spheres,.and cause a rapid rise of 
pressure. It is effective in preventing 
internal explosions. 

To protect against an explosion, 
Fenwal installs a detector and a sup 
pressor. When the detector, either a 
pressure diaphragm to sense the rapid 
rise of pressure or a filtered photo 
cell to spot the incipient flame, spots 
the start of an explosion, it triggers 
an electrical signal that detonates a 
cartridge, exploding the suppressor 
The latter device may be a simple 
sphere filled with a fire killing liquid 
such as a halogenated hydrocarbon; 
it may be a quick release bottle filled 
with carbon dioxide; or it may be just 
a glass venting valve that allows explo 
sion pressure to escape harmlessly. 

Fenwal’s system is useful in prevent 
ing internal explosions in which flame 
speed remains below 1,000 ft. per sec 
It will suppress either dust explosions 
or blasts caused by liquid and gas 
combustibles. The complete opera 
tion, from detection to suppression, 
takes less than 25 millisec. Typical 
cost of an installation: between $5,000 
and $10,000, depending on the vol- 
ume to be protected. 

lhe explosion suppression equip 
ment can be tied into a graphic panel 
control system or monitoring system 
In one application, at Monsanto 
Chemical Co.’s Springfield (Mass.) 
Plastics Div., the system was installed 
on a pulverizer-crusher and dust ex 
traction system, and its operation 
noted only when the system shut the 
unit down after an incipient explo 
sion. The equipment had been in 
stalled after an earlier blast caused by 
the entrance of a foreign metallic 
body had destroyed one crusher and 
blown a wall out. With the suppress- 
ing equipment in place, a similar in- 
cident occurred with only one obvious 
result: the equipment shut down. 
After inspection of the crusher, it was 
found that some of the plastic mate 
rial had been charred, the onlv indi 
cation that an explosion had started 
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Self-contained logic: 
Norden degree-counting binary decimal encoders 


Encoders in this group offer unique self-selecting 
V-brush system, developed by Norden engineers, to 
prevent ambiguity without external brush-selection 
circuitry. Consequent reduction in associated equip- 
ment encourages miniaturization in system design. 
The unit weighing only 13.2 oz.—the Model ADC- 
5-36BCD—translates shaft position into degrees to 
a resolution of 0.01°. Converters are available with 
both standard 8-4-2-1 and 4-2-2-1 codes. 


SIMPLIFIED DESIGN PLUS 
UALITY PRODUCTION 
ACHIEVE UNEXCELLED RELIABILITY 


Reduced number of components minimizes possibility 
of error. 

Meets Military Specifications MIL-E-5272A and 
MIL-E-5422D. 

Self-checking gating devices provide virtually 100% 
error monitoring. 

Two brushes parallel for each contact reduce noise. 
Precious metal brushes are mated to micro-finish 
pattern disc during run-in. 

Precision design and manufacture achieve longer life: 


4 x 10° revolutions at 150 RPM under continuous 
full load. 


FIVE OF NORDEN’S STANDARD DEGREE-COUNTING 
BINARY DECIMAL SHAFT ENCODERS: 
ADC-ST3- ADC-3 ADC-4 ADC-5- ADC-6 
MODEL 36BCD 36BCD 36BCD 36BCD 36BCD 
Total count 360 360 3,600 36,000 360,000 


ed 26 | 0 | 0 


mr 360 360 3,600 36,000 360,000 


Mounting Size 33 Size23. |; Size 23 Size 23 Size 23 
































APPLICATIONS: gun turrets, antenna pattern recorders, 
airborne data acquisition, navigation systems, ship- 
board computers . . . elevation and servo azimuths, 
machine tool positioning tables. 


RELIABILITY IS DESIGNED IN...AND BUILT IN 
BY UNUSUAL MANUFACTURING CONDITIONS 


Scientists and military electronics experts testify to 
Norden’s unusual quality control techniques. En- 
coder parts are manufactured, assembled, inspected 
and reinspected with extreme care in positive- 
pressure, dust-free, temperature-controlled labora- 
tories. Norden’s exceptional design and production 
facilities are the foundation of encoder reliability. 
Detailed manufacturing control specifications are 
available for your inspection. 


Review your requirements and send for complete specifications on these or any 
other Norden encoders. Write, or call Milford, Connecticut, TRinity 4-6721. 


NORDEN DIVISION 
UNITED AIRCRAFT CORPORATION 


MILFORD DEPARTMENT, WILEY STREET. MILFORD, CONNECTICUT 


NOVEMBER 1960 
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Now... 
Robertshaw’s 
Expanded 
Line 

Provides 


CONTROL 
VALVES 


FOR 
ALMOST 
ALL 
FLUIDS 


We've stepped up our service in the valve field . 
and whatever fluid you’re controlling, there’s a good 
‘chance a Robertshaw precision-actuated valve will 
handle it. 


New features .. . like our high-lift actuators, en- 
closed spring, and greater-area diaphragms... give you 
needed accuracy and serviceability, along with the rug- 
gedness, simplicity and economy you've always received 
from Robertshaw. 


Diaphragm and bellows actuators 

Two bellows areas—four diaphragm areas 

Reinforced Buna-N moulded diaphragm 

Single-seated, double-seated, three-way 

Quick opening, linear, equal percentage inner 
valves 

Choice of body and trim materials 

Union, screwed, flanged, welding ends 

Sizes 44” to 10” 

Pneumatic or hydraulic operation 


Complete specifications in Folder VW-762, Write today. 


@ 


® 


MR. CONTROLS 
Robertshaw-Fulton Controls Company ; ' 
FULTON SYLPHON DIVISION, KNOXVILLE 1, TENNESSEE 
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WHAT’S NEW 


Computers Vie 
Predicting Election Winners 


NEW YORK— 

Which network has the most 
powerful computer? ‘That might well 
be the contest radio and television 
networks will apparently be trying to 
settle on the evening of November 8, 
when they race to be the first to pre- 
dict the winner of the 1960 national 
presidential election, using a battery 
of high powered general purpose digi- 
tal computers. CBS will be running 
with two machines, an IBM RAMAC- 
305 and the IBM 7090; ABC is bank- 
ing on the experience of Remington- 
Rand’s Univac which had the election 
prediction field all to itself when it 
first started prognosticating in 1952; 
and NBC is introducing RCA’s 501 
machine to election predicting. 

¢CBS’s big push—Stored in the 
memory of the 7090 is a mass of 
data on 500 election precincts and 
75 marginal congressional districts, 
selected because most of them report 
early election night and are a repre- 
sentative sample of the total voting 
population. Among the data are such 
items as these: historical voting rec- 
ords for everv national election back 
to 1928, characteristics of the voters 
including racial, religous, income, and 
residential facts 

Returns as tabulated by the IBM 
RAMAC will be inserted into the 
IBM 7090 which will first calculate 
odds, mathematical probabilities, on 
the candidates. ‘Then the machine 
will answer questions to help interpret 
the returns. For example, the com- 
puter will tell CBS analyst Howard K. 
Smith such things as how Senator 
Kennedy stands compared to Al 
Smith’s record in the 1928 election; 
whether Mr. Nixon is running ahead 
or behind President Eisenhower’s 
record in 1956; is the “Solid South” 
continuing to vote as a bloc? Is a 
labor vote developing? 

IBM will also be trying out some 
data transmission equipment on the 
election problem. The computers will 
be located at the company’s New York 
Service Bureau and will transmit data 
to a high speed printer in the CBS 
election headquarters 2 miles away. 

To prepare the system analysis and 
program, IBM systems people worked 
16 man-months, and IBM mathema- 
tician-programmers toiled another 60 
man-months. On election night, 75 
IBM people will be working in the 
OBS studio and about 50 at the 7090 
installation. CBS will man its part 
of the setup with 150 people 
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Stunt Box—your Big Plus 
with Teletype printers 


Built into Teletype Model 28 page printers is a control 
device called the Stunt Box. The function of this unique 
component is to provide extra control facilities for both local and 
remote operations. Thus—in addition to transmitting, receiving 
and recording messages and data—the page printer can be 
used for a variety of switching, remote control and 
selective calling tasks. 

The Stunt Box reduces costs by simplifying equipment 
needs and systems arrangements. It is the Big Plus—the 
extra value in Teletype Model 28 page printers and automatic 
send-receive sets. 


Teletype Corporation manufactures this equipment for 
the Bell System and others who require the finest in data 
communications equipment. 

Write for free 20-page brochure, ‘‘The Teletype 28 
Stunt Box,” to Teletype Corporation, Dept. 26F. 

5555 Touhy Avenue, Skokie, Illinois. 
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Typing Tape Punch Tape Reader 


Send-Receive Page Printer Automatic Send-Receive Set 


TELETYPE 


RATION 


suesioiary of Western Electric Company INC. 





ANOTHER 
ELECTRO-MECH 
FIRST: 


ViS-A-SYSTEM 
INTEGRATED 
CONTROL 
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PROPYLENE SPLITTER UNIT 
CONTROL CONSOLE 


VISUALLY AND FUNCTIONALLY 
INTERLOCKED: 


® GRAPHIC PROCESS DISPLAY * ANNUNCI- 
ATION EQUIPMENT © INSTRUMENTATION ®¢ 
CONTROL ELEMENTS 


With this control console, Electro-Mech 
Corporation introduces what is liter- 
ally a new dimension to control-panel 
design. Here for the first time is real- 
ization of complete integration of all 
functional aspects of the control con- 
sole. 


We welcome your inquiries regarding 
the VIS-A-SYSTEM® Integrated Control 
Console and invite you to request an 
Electro-Mech quotation on your next 
Control Systems requirement. 


Electro-Mech Corp., Norwood, N. J. 
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AROUND THE BUSINESS LOOP 


Nimble fingered Autonetics production workers assemble VERDAN computers for 
the inertial guidance system of the Hound Dog and for Polaris submarines. 


Control Business Cures 
Aircraft Slump for NAA 


North American Aviation’s Autonetics Div. has leaped ahead 
of the company’s aircraft divisions’ sales and is now the 
second largest electronics firm in southern California. 


LOS ANGELES— 

When V-J Day in 1945 found sales 
of North American Aviation, Inc. 
sunken to peacetime lows—the last 
of the famed B-25 Liberators had long 
since come off the assembly lines— 
NAA determined not to fall back on 
the hand-to-mouth existence of pre- 
World War II days. The company 
developed a carefully planned diversi- 
fication program. Just one phase of 
the program, a small research group 
set up to investigate the control prob- 
lems associated with supersonic flight, 
has paid off handsomely. 

Early this year, NAA’s Autonetics 
Div. in Downey, Calif., an outgrowth 
of that early research group, became 
the company’s largest operating unit, 
noticeably surpassing North Ameri- 
can’s aircraft divisions, producers of 
the B-25 and later the F-86 Saberjet 
and F-100 Supersaber. 

¢ Swing to electronics—Actually Au- 
netics’ recent growth has been little 
short of amazing: in the spring of 
1958, Autonetics employed about 
6,000. Currently its work force is at 
22,000—for close to a 270 percent 
increase. This surge has established 
Autonetics as southern California’s 
largest electronics firm, topped only by 
Hughes Aircraft Co. with an employ- 


ment of 28,500. Since NAA does not 
divulge divisional sales figures, no of- 
ficial sales comparisons are possible; 
but reliable industry sources estimate 
that Autonetics’ share of North Ameri- 
can’s 1959 total amounted to well 
over $200 million. 

To maintain control over its explo- 
sive growth, Autonetics reorganized its 
activities last year to follow along 
product lines. Product divisions now 
include Computers and Data Systems, 
Armament and Flight Control, Indus- 
trial Products, and Inertial Navigation 
The last activity is Autonetics’ forte— 
a field in which it has pioneered a 
number of important breakthroughs, 
including the inertial guidance sys- 
tem used by the nuclear submarines 
Nautilus and Skate on their historic 
transpolar voyages. 

¢Minuteman momentum—Largely 
responsible for the division’s rapid 
growth in the past few years has been 
its landing of the hotly contested, 
multimillion dollar Minuteman ICBM 
guidance, control, and checkout sys- 
tems contract. So far the Air Force 
has awarded Autonetics a $115 mil- 
lion research and development con- 
tract for Minuteman, but this total 
will be increased substantially when 
the expected production contract 


CONTROL ENGINEERING 





You 
Fill Out 


The Tag... 


You can choose your own perform- 
ance features when you order a Fenwal 
536 Temperature Controller. And get 
them in a compact, low-cost, transistor- 
ized stock instrument! 

Basic member of Fenwal’s new *‘500”’ 
family, the ‘536” always provides pre- 
cise control action. You merely select 
from the following features to meet 
your specific needs: 1. Proportioning 
or On-Off Control. 2. Five standard 
temperature ranges from —650 to 
+600°F (Special ranges, expanded 
scales, and centigrade scales available). 
3. Dial for set-point adjustment ex- 
ternally or internally mounted. 4. Sep- 
arate potentiometer with graduated 
dial and knob for remote adjustment. 
5. Cartridge, hex head, flange or cou- 
pling head probe for thermistor sensor. 
All configurations have a rating of 
10A-115VAC or 5A-230VAC. You buy 
exactly what you need! 

Of course, for the user who needs 
most of these features, it may make 
more sense to order a Fenwal 561 Indi- 
cating Controller... with indication 
as a plus. And for multi-point indica- 
tion, as many as ten 536’s can be 
plugged in to a 580 indicator. Get cata- 
log on the complete “‘500” Line. Write 

Another FENWAL INCORPORATED, 2911 Pleasant 
example of how Street, Ashland, Massachusetts. 


CONTROLS TEMPERATURE... PRECISELY 
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Why struggle with up to 
19 bits straight binary readout 
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Z15 214 213 212 211 210 29 28 27 26 25 24 23 22 21 30 














when you can have the convenience 
of display directly in the units 
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of your own data system with 


HERMES TRANSLATORS 


Typical Problem: Readout of angular position of 
A : a radar encoder is in the form of 16 bits straight 


re 
Lo & 


< 


binary. You want to convert the 16 bits readout 
into decimal display expressed in degrees. 


Solution: Since the radar can track in a com- 
plete circle, each bit represents 360° + 65,535 
(16 bits binary = 2!'6 — 1 65,535 parts). 
There are, therefore, 0.00549° per binary count. 
The Hermes Translator transforms straight bi- 
nary to decimal, manipulates the data arithmet- 
HERMES TRANSLATOR. MODEL 2060 ically to multiply by 0.00549, and displays the 
required readout in degrees. 

This same method may be applied to any data system where the 

original output is any number of straight binary bits and digital 

readout in the units of the measuring system is required. 


Three basic types of conversion can be accom- 
modated by Hermes Translators for a wide variety 
of applications: 


Code-Format Conversion in which the actual physi- 
cal characteristics of input data are transformed into 
the required output data form. 


Code-to-Code Conversion in which only the lan- 
guage or code in which the information is rep- 
resented is transformed. 


Scale Conversion in which data is manipulated 
arithmetically (as in the Typical Problem above) to 
display readout in decimal form and in the units of 
the measuring system being employed. 


Write for Technical Bulletin Translators 
Hermes 
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CAMBRIDGE 42, MASS. 


A DIVISION OF 
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WHAT’S NEW 


. reliability goal for Minute- 
man: improved 100 times . . 


comes through in a few months. 

The Minutemen effort of Auto- 
netics is an unparalled one in the 
controls field. As an associate con- 
tractor, Autonetics has set up a sys- 
tems management division which has 
separate administrative, engineering, 
and manufacturing groups. 

“The most unusual aspect of Au- 
tonetics’ Minuteman program’, says 
Autonetics president, John Moore, “‘is 
the scope of its reliability effort. Au- 
tonetics and its major suppliers are 
attempting to improve present levels 
of avionics reliability by a factor of 
100.” As a matter of fact, Autonetics 
estimates that approximately 25 per- 
cent of the cost of Minuteman devel- 
opment will be for reliability. 

In addition to its Minuteman work, 
the inertial navigation group is turn- 
ing out systems for the Navy’s Polaris 
submarines and for the Air Force’s 
Hound Dog air to ground missile. It 
is also producing bombing-navigation 
systems for the Navy A3] bomber. 

Also favored with good military a 
ceptance is NASARR (North Ameri 
can Search and Range Radar). It is 
an all-purpose monopulse radar system 
used to guide military aircraft to tar- 
gets obscured by bad weather or dark 
ness. NASARR has already been or 
dered for the Air Force’s F-105D 
fighter-bombers and for the F-104 
Starfighters being made for West Ger 
many, Canada, and Japan. 

\utonetics’ military computer prod 
ucts also include a field artillery fire 
control computer for the Army. In 
tended primarily for fire control of 
tube artillery and free rocket type of 
weapons, the device may also be used 
for missile checkout, data reduc 
tion, and électronic countermeasures. 
Rounding out the division’s militar 
product mix are automatic checkout 
systems and airborne tape recorders. 

¢ Industrial stumbling block—In 
common with most other military 
oriented companies, Autonetics experi 
enced its share of reverses in enter- 
ing the industrial field. But following 
the establishment of its Industrial 
Products Div. in March 1959, market 
ing efforts seemed to gain greater di 
rection and purpose. Currently this 
product group is pushing three majo: 
lines: RECOMP II, a small, general 
purpose, transistorized digital com 
puter; NIFTE, a new, inexpensive, 
semiautomatic continuity checker for 
(Continued on page 198 
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Tung-Sol tubes help CHICAGO AERIAL 
keep ‘copter blades on “right track” 


Chicago Aerial Industries’ automatic Electronic 
Blade Tracker brings new standards of accuracy 
to the critical job of tracking helicopter blades to 
assure that they are all rotating in the same plane, 
or track. Proper rotation means smoother flight 
characteristics, minimized vibration, reduced struc- 
tural stresses and lower maintenance costs. It vir- 
tually makes obsolete the manual flag-tracking 
method. 

The Tracker uses range finding principles to 
triangulate for each successive blade height. Elec- 
trical signals generated by photo-cells in the 
electro-optical pick-up positioned beneath the 
rotating blades are fed to a computer analyzer. 
These signals are then converted to dc voltages 
proportional to blade height, which registers on 
the front-panel meter. 

Because rigid standards of reliability are man- 
datory for this equipment, Chicago Aerial selected 
Tung-Sol tubes to handle the vital regulation 








function in the conversion network. Tung-Sol 
5687 series regulator tubes minimize any variations 
in output voltage due to load current or line 
voltage changes. Both tubes maintain 150 volts 
+ 1 volt insuring the most precise readings. 

CAI adds still another name to the growing list 
of manufacturers who are calling upon Tung-Sol 
tubes and semiconductors to deliver top per- 
formance reliability. Like CAI, you can get the 
benefit of Tung-Sol component know-how, too. 
Tung-Sol makes a component for virtually every 
industrial and military requirement. Our applica- 
tions engineers will be glad to make an impartial 
recommendation for the component complement 
that will best satisfy your design needs. Tung-Sol 
Electric Inc., Newark 4, N. J. TWX:NK 193. 
Technical assistance is available through the following sales 
offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif. ; 
Dallas, Texas; Denver, Colo.; Detroit, Mich.; Irvington, 


N. J.; Melrose Park, Ill.; Newark, N. J.; Philadelphia, Pa.; 
Seattle, Wash. Canada: Toronto, Ontario. 


¢s) TUNG-SOL 
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TO THE ENGINEER 
who wants to make 


the most of his etchings 


If your printed circuit board designs involve 
switching, you can count on getting the best 
results by using AE Class E relays with 
direct-connect terminals. 


Series EQPC relays, with end-mounted 
printed circuit lugs, occupy a minimum of 
board space, and furnish dramatic savings 
in assembly and wiring time. 


The AE Series EQPC printed circuit relay is a 
miniaturized version of the premium - quality 
Class B telephone-type relay, with many of its 


best features. Contact reliability exceeding 200 
million operations can be expected. 


Automatic Electric also supplies Class E re- 
lays with Taper-Tab terminals, and prewired 
for plug-in, with 8- to 20-prong octal plugs, 
with or without hermetically sealed contain- 
ers or dust-tight housings. 


Want details? Just write the Director, Con- 
trol Equipment Sales, Automatic Electric, 
Northlake, Illinois. Also ask for Circular 
1702-E on Relays for Industry, and the new 
Conversion Factors booklet. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE £ ELECTRONICS 


ey) 
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symbol of precision 


It’s a simple matter for today's computer to extend the accuracy 
of the symbol 7 to a fantastic 10,000 decimal places and beyond, 
thanks to such advances as solid-state electronics. Thus the symbol 
a is a logical name for Precision's new all-solid-state instrumenta- 
tion tape recorder, which has dramatically extended performance 
levels to literally twice those of ordinary magnetic tape instruments. 
The Precision 7 recorder offers: 


previously obtainable with con- 





ventional recorders 


for a given length of tape—as much 
data on a 10), inch reel as previously on a 14 inch reel 


machine, showing loaded tape 
HIGHER reliahility, LOWER flutter, LESS magazine which can be inter- 
maintenance changed in 5 seconds. 


Write for your copy of Bulletin 59, which describes the new Pre- 
cision 7 Recorder, based on the thoroughly tested and field-proven 
design of the FIRST all-solid-state instrumentation tape recorder, 
the Precision PS-200 Series. 


Rear view of 14- 

corder which Bt me ~ 

pounds, fits in only 26% 
1Ollf Commercial Street San Carlos, California inches of rack space. 


Phone LyYtell 1-444! TWX Scar Bel SO 
Cable: PRINCO, San Carlos, Calif. 


REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 





AMPLIFIERS COMMUNICATIONS 


a CONVERTERS DATA 


FLASHERS 
PROCESSING 


GAUGES INSTRUMENTATION 


MACHINE 


OSCILLATORS — 
CONTROL 


REGULATORS 
SUPPLIES 


SERVO SOLID STATE ULTRASONICS 
SYSTEMS ‘ SWITCHING . 





DELCO RADIO —THE LEADER 
IN POWER TRANSISTORS 


For top performance in a wide, wide range of applications, specify Delco Radio’s 

2N174. @ This multi-purpose PNP germanium transistor is designed for general use with 28-volt power 

supplies, and for use with 12-volt power supplies where high reliability is desired despite the presence of 
voltage transients. m It has a high maximum emitter current of 15 amperes, a maximum collector diode 

rating of 80 volts and a thermal resistance below .8°C per watt. The maximum power dissipation at 71°C 

mounting base temperature is 30 watts. Low saturation resistance gives high efficiency in switching operations. 

@ The 2N174 is versatile, rugged, reliable, stable and low priced. For more details or applications assistance on the 

2N174 or other highly reliable Delco transistors, contact your nearest Delco Radio sales office. 


Newark, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan 


1180 Raymond Blvd. 726 Santa Monica Bivd. 5750 West 51st Street 57 Harper Avenue pe A D i O 
Mitchell 2-6165 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 3 


Division of General Motors + Kokomo, Indiana 
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... $575 to $1100 less with the new NLS 484 digital voltmeter 


Here is the only 4-digit voltmeter to provide printer connection and automatic print control for only 
$2150... the only digital voltmeter at this price to provide heavy duty plug-in stepping switches, 
snap-out readout, and simple single-package design. With plug-in NLS accessories it forms a host of 
automatic data logging systems. Performance? The 484 retains the basic design and quality con- 
struction of the NLS 481, the world’s most popular 4-digit voltmeter. Contact NLS fcr complete 
information on the 484 if you require 0.01% accuracy and printout at low cost. 


BRIEF SPECIFICATIONS: Accuracy +0.01% of full scale on each range .. . ranges: +9.999/99.99/999.9 volts DC, +99.99/999.9 
millivolts DC using NLS 140 Preamplifier, 9.999/99.99/999.9 volts AC using NLS 125B AC/DC Converter .. . input impedance: 10 
megohms at balance, 1000 megohms on lowest range by modification . . . automatic range and polarity selection . . . balancing time: 
I sec., average ... internal standard cell for verification of calibration . . . simple conversion to ratiometer. 


Originator of the Digital Voltmeter 


+ me 
non-linear systems, BRC. DEL MAR (SAN DIEGO), CALIFORNIA 
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Extra quality at no extra cost with Bendix Semiconductors 
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NEW 25-AMP DAP TRANSISTORS 
SWITCH IN MICROSECONDS 


High Current-Fast Switching-High Voltage 
—give engineers wider design latitude 


The new 25-amp germanium PNP 
Bendix® Diffused Alloy Power DAP" 
transistor line—with its microsecond- 
fast, higher-current switching (typi- 
cally 5 usec at 25 amperes)—frees 
engineers from the design restrictions 
set up by ordinary germanium alloy 
transistors. Only Bendix offers such a 
high-current, high-speed DAP tran- 
sistor line. 


But high current is by no means the 
whole story. Bendix DAP transistors 
make possible increased circuit stability 


over a wider range of temperatures— 
from —60°C to +110°C. They are also 














rated at higher collector-to-emitter 
breakdown voltages, while providing 
lower input resistance, controlled 
current gain, and lower saturation 
voltages. In short, here is a special 
high-frequency, high-voltage line that 
opens the door to many new design 
ideas and applications. 


For details on our complete line of 
power transistors, power rectifiers, and 
driver and MIL-type transistors, write 
on your letterhead for your BENDIX 
SEMICONDUCTOR CATALOG. 


ATTENTION ENGINEERS: Write 
our Employment Manager for infor- 
mation about challenging opportu- 
nities we offer in semiconductors. 





POWER DERATING CURVE FOR DAP TRANSISTORS 


TYPICAL COLLECTOR SATURATION CHARACTERISTICS AT 25°C 


2N1651, 2N1652, 2N1653 2N1651 2N1652 2N1653 


25 





__ Thermal Resistance 
|  Junction-To-Case 


0.8° C/W Mox 








I, = 50OmAdc 
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At zero collector dissipation 





the junction temperature is equal I 150mAdc 
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ABSOLUTE MAXIMUM RATINGS 





TYPE 
NUMBERS 


Vee 
Vde 


Veb 
Vde 


Veb ita 
Vde Adc 


Pc 


T Storage y 
w ec 





2N1651 
2N1652 
2N1653 


60 
100 
120 


60 
100 
120 


2.0 
2.0 
2.0 


100 
100 
100 


60 to +110 110 


SEMICONDUCTOR PRODUCTS 


Red Bank Division 


HOLMDEL, NEW JERSEY 





Ideal for such applications as: ULTRASONICS HORIZONTAL OUTPUT 
AMPLIFIERS FOR TV OR CATHODE RAY TUBES - POWER CONVERTERS - 
HIGH CURRENT AC SWITCHING + CORE DRIVERS - HI-FI 











Main Office: South Street, Holmdel, N.J.—Phone: SHadyside 7-5400 TWX Holmdel NJ 1388 ¢ Midwest Office: 2N565 York Road, Elmhurst, Ill 
Phone: BRowning 9-5050 TWX Elmhurst Ill 393 ¢ New England Office: 4 Lloyd Road, Tewksbury, Mass.— Phone: Ulysses 1-7495 © West Coast Office: 117 E. Providencia Avenve, 
Burbank, Calif.—Phone: Victoria 9-3961 TWX BRB 9808 « Bendix International: 205 East 42nd Street, New York 17, N. Y.—Phone: MUrrayhill 3-1100 TWX NY 1-4800 
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Until a ballistic missile is in free fall, our inertial guidance systems must be able to 
account for both rocket thrust and gravity. Making them this smart is a tough job, 
but we hit the mark so well on Thor thai all of this country’s long range missiles 
will soon be guided inertially. If you would like to help us keep pioneering new guid- 


ance systems, and have a BS, MS or PhD in Physics or Math, or an ME or EE, please 
contact Mr. B. H. Allen, Director of Scientific and Professional Employment, 7929 
S. Howell Ave., Milwaukee 1, Wisconsin. ac spark pLue 2 THE ELECTRONICS DIVISION OF GENERAL MOTORS 
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When the requirements seem impossible. .. 


48 precious metal contacts on a 12' circle... 
maintaining .co31..x planar tolerance 


To SEE under the sea takes a scanning commutator with seemingly 
impossible tolerances to insure reliability in ship sonar. That is 
why compression-molded SUPRAMICA® 500 ceramoplastic ma- 
chinable insulation was chosen. . . a proud example of MyCALEx 
CORPORATION OF AMERICA craftsmanship. 

The specifications are most demanding, the requirements highly 
critical . . . plates must be flat within .0003” and embody precision- 
machined recesses to accept 48 pure silver contacts. The angular 
displacement of the contacts is held to +1 minute. The combina- 
tion of contacts and SUPRAMICA 500 together must accept a 
2 micro inch surface finish. The application 
requires that these tolerances are guaran- 
teed for the life of the commutator during 
which the environmental conditions run 


General Offices and Plant: 
127 Clifton Boulevard 
Clifton, N. J. 





MYCALEX 


CORPORATION OF AMERICA 


the gamut of humidity and temperature. 

The MYCALEX fabricating facility is not only fully qualified 
to furnish the fabrication of such parts but will design and pro- 
vide required hardware. For gauge-like specifications on large 
production runs or short prototype quantities . . . our engineers 
are ready, capable, and equipped to assist you with your de- 
sign and production requirements. Write for information on 
SUPRAMICA ceramoplastics offering maximum temperature 
endurance (unstressed) up to +1550°F. and SYNTHAMICA® 
synthetic mica with maximum temperature 
endurance (unstressed) up to +2000°F. 
. .. the family of the world’s most nearly 
perfect insulation materials. 


Executive Offices: 
30 Rockefeller Plaza 
New York 20, N. Y. 








World’s largest manufacturer of glass-bonded mica, ceramoplastics and synthetic mica products 
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UNIVERSAL 
SERVO ANALYZER 


INPUT TO 
SERVO SYSTEM 


APPLIED TO SCOPE'S 
VERTICAL PLATES 


APPLIED TO SCOPE'S 
HORIZONTAL PLATES 





50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps. 


Modulated 
Return 
Signal 


Low-Frequency 
Sine Wave 





50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps. 


Modulated 
Return 
Signal 


1Skc Reference 
Envelope 





50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps. 


Modulated 
Return 
Signa’ 


Linear Sweep 





50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps. 


Demodulated 
Return 
Signal 


Linear Sweep 





50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps. 


Demodulated 
Return 
Signal 


Low-Fri 
Sine Wave 





Low-Frequency 
Sine Wave 
0.001 cps to 100 cps 


Sine Wave 
Return 
Signal 


15-ke Reference 
Envelope 





Low-Frequency 
Sine Wave 
0.001 cps to 100 cps 


Modulated 
Wave Return 
Signai 


15-kc Reference 
Envelope 








Analysis of Returned 
Square Wave, Triangular 
Wave, Ramp, or 
Impulse Functions 


Function 
with 
Carrier 


Square Wave Triangular 





Analysis of Returned 
Square Wave, Triangular 
Wave, Ramp, or 
Impulse Functions 


Function 
without 
Carrier 


Same as Figures 5a, 5b, 
5¢, and 54, except without 
laveshapes 





Oscil 
Calibration 


50 cps to 6000 cps 
Modulated Carrier 


Linear Sweep 
(if desired) 





POLARAD ELECTRONICS CORPORATION: 





Oscilloscope 
Calibration 


43-20 34th Street, Long Island City 1, N.Y. 


Please send me specifications and data on: 


MODEL SV-1 SERVO ANALYZER 


My application is. 





Low-Frequency 
Sine Wave 


POLARAD 








Name. 





Company. 








Address. 





City 


Zone State 





MAIL THIS COUPON FOR MORE INFORMATION... 


NOVEMBER 


1960 








Linear Sweep 
(if desired) 





The new Polarad MODEL SV-1 
SERVO ANALYZER is a complete 
instrument for testing AC and DC 
servo mechanisms in all applica- 
tions. It combines a multiple pre- 
cision signal generator and 


oscilloscope. 


Internally generated 


reference signals are compared 
with servo outputs and are displayed 
visually for quick servo analysis. 


POLARAD 
ELECTRONICS 
CORPORATION 


43-20 34th Street, Long Island City 1, N.Y. 
Representatives in principal cities. 
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Looking for the newest, most com- 








plete line of General Purpose Switches? 


Acro’s newly designed model B and F switches will meet 
your toughest electrical and mechanical requirements 


Just check Acro’s brand new features! 


1. NEW! Acro’s clip-on cover construction, which requires 
no drilling or pinning, eliminates bakelite dust particles 
from contaminating the contacts. 

2. NEW! Acro’s famous rolling spring principle insures low 
minimized contact bounce. This gives you high horse- 
power rating and longer electrical life. 


NEW! Up to 21 amp, 2 HP in the F series! 

NEW! Moulded-in terminal posts, with blind tap holes, 
keep out dust and contamination. 

NEW! And now Acro offers the most complete line of 
actuators. Shown are just 10 of the complete series. 


For detailed specifications and prices write for Catalog B. 


U.L. Approved 15 AMP 120-240-480 V.A.C. ¥2 AMP, 120 V.D.C., Y%4 AMP, 240 V.D.C. 
model B switches : 


— eee V 
» 


-™ 


BRD2-5L-1S BRD2-70-1S BRD2-LW8-1S BRD2-24P-1S BRD2-LW228-1S 
Leaf Actuator Short Overtravel Plunger Overtravel Leaf Roller Pane! Mount Overtravel Roller 
Operating Characteristics Operating Characteristics Actuator (long) Operating Characteristics Leaf Actuator (short) 


Operating force 5 oz. max. Operating force 9-13 oz. 
Release force Y2 oz. min. Release force 4 02. min. 
Pretravel .156 max. Pretravel .010-.025 
Overtravel .... 1/32 min. Overtravel 1/16 min 
Movement diff. .050 max. Movement diff .003 max. 


—— 
Release force 
Pretravel .. 


Movement diff. 


Operating Characteristics 
Torce 242 OZ. max. Pretravel .. 010-.025 Operating force 6 oz. max. 


Overtravel ..... 


f ° . . sees 
pevmmeg head a oe Operating Characteristics 


¥2 oz. min. Overtravel "140 min. Release force 1%2 02. min. 
9/32-13/32 Movement diff. . .003 max. Pretravel .... 

.187 min Overtravel ... 

.016-.078 Movement diff. 


U.L. Approved 21 Amp, 120-240-480 V.AC., 1 H.P. 120 V.AC., 2 H.P. 240 V.AC. 
model F For detailea specifications and prices write for Catalog F 


af 
, i 


S & 


FAD2-1A-1S FAD2-10-1S FAD2-3P-1S FAD2-5L-1S FAD2-2M-1S 
Pin Actuator Long Overtravel Plunger Large Overtravel Plunger Leaf Actuator Roller Leaf Actuator 
Operating Characteristics Operating Characteristics Operating Characteristics Operating Characteristics Operating Characteristics 


Operating force 10-18 oz. Operating force 10-18 oz Operating force 
Release force .. 6 oz. min. Release force 6 oz. min. Release force 
Pretravel .050 max. Pretravel . 050 max. Pretravel 
Overtravel .. .010 min, Overtravel 1/16 min. Overtravel : 
Movement diff. .0075 max. Movement diff. .0075 max. Movement diff. 


10-18 oz. Operating force 9 oz. max. Operating force 9 oz. max. 
6 02. min. Release force 1 0z. min. Release force 1 07. min. 
050 max. Pretravel 11/32 max. Pretravel ... 11/32 max. 
7/32 min. Overtravel 1/32 min. Overtravel 1/32 min. 
.0075 max. Movement diff. .065 max. Movement diff. -065 max, 


for detailed specifications and prices write for catalogs “B” and “F”’. 


Free engineering service. Our engineers will be happy to pit their pro- 
fessional experience against your tough switching problem. Just tell us 
what it is . . . we'll recommend ways to solve it. No obligation, of course. 


RELAYS 


AT CERIO 


brine ACRO DIVISION 


“OUR 2ist YEAR” COLUMBUS 16, CHIO 
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GD700 SERIES 
GAS-0-DOME REGULATORS 


Models in bronze or stainless steel 
Pilot operated type 

Max. inlet: 7000 to 10,000 psig. 

Outlet range: 10-150 to 400-7000 psig. 
Flows to 250 scfm. 

Low torque: 35 inch-Ib. at 7000 psig. 
Panel mounting 

Bulletins R12 and R18. 


BPR SERIES 
BACK PRESSURE REGULATORS 


Models in bronze or stainless steel 

Adjustable relief ranges: From 25-500 
psig. to 2000-10,000 psig. 

Panel mounting 

Bulletin R19 


LR SERIES LOADER REGULATORS 


Models in bronze or stainless steel 

Max. inlet: 7000 to 10,000 psig. 

Outlet range: 5-200 to 200-10,000 psig. 

Flow: 10 scfm. 

Low torque: 35 inch-lb. at 7,000 psig. 
60 inch-lb. at 10,000 psig. 

Panei mounting 

Bulletins R11 and R17 


GD90, GD100A AND GD200A 
SERIES GAS-0-DOME REGULATORS 


Models in bronze or stainless steel 
Compensated, high-flow type 
Max. inlet and outlet: 6000 psig. 
Flows to 80,000 scfm. 
Remote control and/or 

panel mounting provisions 
Bulletin R18 


LV-10 LOADER VALVE 


Made in bronze only. 
Inlet and outlet: 7000 psig. 
Flow: 10 scfm. 
Fast finger-tip control: 
30° clockwise, loads; 
30° counter-clockwise, bleeds. 
Panel mounting 
Bulletin LV-10 


GD60 AND 80 SERIES 
GAS-0-DOME REGULATORS 


Models in bronze 

(stainless steel on request) 
Inlet and outlet range: 2500 to 10,000 psig. 
Flows to 1500 scfm. 
Remote control and/or 

panel mounting provisions 
Bulletin R10A 


ICIOR | High pressure gas controls 


Victor offers you choice of these and many other 
gas regulators for a wide variety of applications. 


All come cleaned for oxygen service; LOX cleaned when specified. Operating temperature 
ranges: —67° F. to +250° F. (storage —80° F.) Modifications for special applications. Write 


Mfrs. of high pressure and 
large volume gas regulators; 
welding & cutting equipment; 

hardfacing rods; blasting nozzles; 
cobalt & tungsten castings; 


now for Victor High Pressure Regulator bulletins and Regulator Inquiry Form 361A. 


VICIOR EQUIPMEN] COMPANY :i:.: 





Straight-line and shape 
cutting machines. 


844 Folsom St., San Francisco 7 *« 3821 Santa Fe Ave., Los Angeles 58 + 1145 E. 76th St., Chicago 19 


J. C. Menzies & Co., Wholly-Owned Subsidiary 
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are you 
using 
North 


Electric’s 


Workhorse 
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Expanded production facilities and increased effi- 
ciency in manufacturing methods have enabled 
North Electric to step up production of “E” relays 
to provide prompt delivery (at a new low cost, too) 
to an ever-growing list of steady customers. 


If you need a relay that incorporates the inherent 
proven dependability of a telephone-type relay with 
minimal spatial requirements, this “little workhorse” 
from North can be your answer! 


GENERAL CHARACTERISTICS: 
Light Weight (242 ozs.) 
Compact (Length 2%”; Width 1%”; Height 134” max. with 
10 springs in either pile-up) 
Long Life (over 100 million operations) 
SPECIFICATIONS: 
Coil Voltages: Up to 250V DC 
Contacts: Independent action twin contact springs 
Contact Materials: Palladium, Gold, Platinum 
Forms: A to C 
Speed: 3 ms. minimum 
Residual: Lock Screw (adjustable)—Fixed (nylon flap type) 
Time Delay: Available for both operate and release 
Coil: Single or Double wound 
Mountings: 2 #6-32 Screws on %4” spacing 
Accessories: Dust Cover and Hold Down Bracket 


ELECTRONETICS DIVISION 


NORTH ELECTRIC COMPANY 


6111 S. Market St., Galion, Ohio 
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_INTRODUCING 
THE NEW 


LAR 7500 


MAGNE : IC @ Eliminates tape breakage! 


@ Records one hour of 10 kc FM data on 


TAPE one reel of tape ( + 40% deviation) 
SYSTEM 

















MOMET WELL 








_INTRODUCING 
THE NEW 














MAGNETIC 
TAPE 
SYSTEM 


New transp 
uninterrupte 


In response to the need { 
FM data processing systerr 
the new LAR 7500 Magn 
addition to Honeywell’s « 
cording, reproducing and 
the ground up. . . inec 
advances. 


GENTLE HANDLIDN 
Mutilation of tape and the 
is effectively prevented by 
system and improved dyn 
path reduces edge curl 

through servo tape tensior 
brakes insure swift, smoc 
totally eliminate the poss 
misadjusted friction brake 


As a further guarantee « 
hysteresis-synchronous m 
meter the speed of the tap 
drive the tape. 


The new transport for tl 
functional cesign, conven 
ation. Heads and all tape 
on a single, precision mat 





Hinged head cover simplifies t 
ing. New all metal micro-gap 
precision lapped . . . reduce 
Head assemblies plug in to 
changes in tape width. 





sport and electronics assure accurate, 
pted record of a long data run 


eed for more efficient and reliable 
stems, Honeywell proudly presents 
Magnetic Tape System. This latest 
Il’s already broad line of data re- 
and reducing systems is new from 
incorporates a host of technical 


LING PROTECTS TAPE— 
d the resultant loss of valuable data 
ed by use of a unique edge guiding 
| dynamic braking. The tape guide 
curl and minimizes skew. Acting 
nsion control circuits, the dynamic 
smooth stops from all speeds and 
possibility of tape damage due to 
brakes. 


tee of precise tape handling, the 
us motor-driven capstan serves to 
e tape across the heads— it does not 


or the LAR 7500 embodies clean, 
nvenience, and safe, efficient oper- 
tape guiding elements are mounted 
1) machined, ribbed subcasting. The 


transport glides smoothly from the rack for easy access 
to both sides. Backlighted push-buttons control and indi- 
cate operating modes. Controls are interlocked to elimi- 
nate accidental loss of data. 


It is this unique combination of features that eliminates 
the possibility of tape breakage with Honeywell LAR 
7500 Systems. 


DATA CAPACITY DOUBLED BY NEW 
ELECTRONICS—The ability to record over an hour 
of 10 ke data (or % hour of 20 ke data) with +40% de- 
viation on one reel of tape can often eliminate the need 
for a second transport to get an uninterrupted record of 
test results. In every case, you halve tape consumption 
by using an LAR 7500 System instead of a conven- 
tional system. Of course, the LAR 7500 is compatible 
with existing systems. 


The all-transistorized components make it possible to put 
a complete 14 channel FM record and playback system 
into one rack. The discriminator output of 75 milli- 
amps is sufficient to drive any Visicorder galvanometer. 


The LAR 7500 offers the advantages of wide bandwidth 
recording at low tape speeds at a truly moderate price 

. . another example of Honeywell’s ability to tailor a 
system to your technical requirements and your budget. 








ifies tape thread- 
o-gap heads are 
duce tape wear. 
in to facilitate 




















Compact, transistorized FM components have all necessary 
controls conveniently located in front. 





THE HONEYWELL 
LAR '7500 

TAPE SYSTEM 
JOINS A 
VERSATILE 
FAMILY 


Honeywell data systems are custom-designed to give you— 
quickly and accurately—the information you need, in the 
form you want it, for any scientific, military or industrial 
application. 


The LAR 7500 adds important new refinements to an already 
versatile line of tape instrumentation. Like other Honeywell 
systems, it can be expanded to perform a host of related 
functions with the addition of such equipment as automatic 
wave analyzers, Visicorder direct-reading oscillographs and 
format conversion systems. All components are designed 
and manufactured by Honeywell, and complement each 


th 
PIONEERING THE FUTURE 


YEAR 


other perfectly. Assembled with standard modules, these 
systems can be readily altered or enlarged to meet your 
changing requirements. 


Ask your nearby Honeywell field engineer, from one of 125 
sales and service offices in the U.S. and Canada, for expert 
assistance in planning the data system that can serve 
you best. 


For complete literature and specifications, write to: 


MINNEAPOLIS-HONEYWELL, Industrial Systems Division, 
10721 Hanna Street, Beltsville, Maryland. 


Honeywell 
[H) , in Control 


SINCE 18666 





















































ULTRASONIC SENSOR 
Model Namber 6 © ee | 


PATENT PENDING 


a new ee 
dimension = === 
TiMmel Ui celiitelicte 
toy ined: 
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S,0NAC ULTRASONIC, 


NON-CONTACT SENSING AND SWITCHING SYSTEM 


Before Sonac, sensing and switching control systems which 
involved breaking a beam of energy were limited by vibration, 
dust, smoke, steam, air contamination and too much or too 
little light. Sonac’s ultrasonic energy “beam” is completely 
free of these limitations. The acoustic lens on Sonac sensors 
can actually be painted without affecting performance. Utilizing 
high frequency sound also means there are no lamps to burn 
out. Savings in replacement parts and maintenance time often 
means Sonac pays for itself. Sonac is completely transistor- 
ized, providing you with a rugged, dependable electronic circuit. 


These are just a few of Sonac’s many 
uses. Optional equipment includes 
reflectors for precision beam and po- 
sitioning control, and coupler assem- 
blies for use with flexible tubing for 
remote sensor locations. This descrip- 


- DELA VAN Pay will be sent to you on 
= Mane acluung G cmgpany. 
WEST DES MOINES « IOWA 
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| Puget Electro Products 
5028 First Avenue 
Seattle 1, Washington 


9 Bell Electronic Corporation 
306 E. Alondra 
Gardena, California 


9 Bell Electronic Corporation 
1070 O'Brien Drive 
Menlo Park, California 


Radio Specialties Co., Inc. 
6323 Acoma Road, S. E. 
Albuquerque, New Mexico 


Engineering Supply Company 
6000 Denton Drive 
Dallas 35, Texas 


Harrison Equipment Co., Inc. 
1422 San Jacinto St. 
Houston 1, Texas 


6 Busacker Electronic Equipment 
Co., Inc. 
1216 West Ciay St., Houston 19, Texas 


Relay Sales 
P. O. Box 186 
West Chicago, Illinois 


2 Srepco, Inc. 
314 Leo Street, Dayton 4, Ohio 


9 Pioneer Electronic Supply 
Company : 
2115 Prospect Avenue, Cleveland 15,Ohio 


10 Relay Supply, Inc 
1492 Highland Avenue 
Needham 92, Massachusetts 


11 Avnet Electronics Corporation 
70 State Street 
Westbury, L. !., New York 


12 Electronic Supply 
1301 Hibiscus Boulevard 
P. O. Drawer 1655, Melbourne, Florida 





Type F relay—small, sealed, 
postage-stamp sized relay 
with unusual flexibility for 


long-life operation. CLAREED PY erie 


reed relay—A high reli- 

ability switching device 

available in a variety of 
Ss. 


for immediate delivery 
at factory prices 


Type J relay—a compact 
telephone-type relay of un- 
equalled long life and su- 
perior performance. 


Mercury-wetted contact 
velay capable of billions of 
extremely fast operations 
with no maintenance. 


Here’s what this new CLARE serv- 
ice means to you: 


Top quality—the same fine de- 
sign and long life you get in CLARE 
custom-built relays and switches 


Fast service—overnight delivery 
on many items 


Easy purchasing—because you 
can order CLARE devices along with 
other components 


Able engineering assistance 
—available through CLARE field 
engineers, working in close cooper- 
ation with CLARE distributors. 


When standard CLARE relays or 
switches meet your needs, distrib- 
utor service saves you time, costs 
no more. When your special needs 
require custom design and produc- 
tion, CLARE custom-built devices 
give you exactly what you require. 


C. P. Clare & Co., 3101 Pratt Blvd., 
Chicago 45, Illinois. In Canada: C. P. 
Clare Canada Lid., P.O. Box 134, 
Downsview, Ontario. Cable Address: 
CLARELAY 
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Relays and 
Related Control Components 





IN INSTRUMENTATION, it nearly goes without 

saying that your choice of reels is, as important 

as your choice of magnetic tapes. You can’t afford 

any distortion of the facts you deal with—so why 

not give your “SCOTCH” BRAND Tape the best 

NO DISTORTION OF THE FACTS running mate—a “SCOTCH” BRAND Precision Reel. 

While most drop outs come from dust or other 

“ pa ia ot oe contaminants on the tape surface, the next most 

SCOTCH” BRAND Precision Reels significant factor is related to improper handling. 

stack up well, Dents or creases in the tape backing, damage to 

thread smoothly tape edges caused by uneven winding, too much 

- tension on the tape at the end of a pass—all of 

these affect performance. Any stresses which ex- 

ceed the yield point of the tape can cause a perma- 

nent set—a physical distortion which in turn leads 
to the attenuation or loss of important signals. 

Precision is no empty word when applied to the 
“SCOTCH” BRAND reel. Every detail—design, mate- 
rials and production techniques — grows out of 
years of careful research and testing by the same 
3M research teams who have continually led in 
the development of magnetic tapes. 

The “ScoTCH” BRAND Precision Reel is ma- 
chined of aluminum. Its unique design offers 
maximum protection 
against tape damage from 
handling, while greatly 
lowering the moment of 
inertia—exerting less stress 
in stops and starts. Because 
the flanges are precision 
machined, they can be held 
to a fine tolerance—thicker 
at the hub, thinner toward 
the rim. These closely 
spaced, tapered flanges 
guide the tape into a 
smooth, even stack. Tape edges are kept perfectly 
aligned. 

Threading up is easy on you and the tape. The 
“SCOTCH” BRAND reel employs a precision ground 
neoprene ring instead of a threading slot which 
can cause distortion of the inner turns of tape. To 
thread up, you simply start a turn of tape on the 
take-up reel. The neoprene ring, moreover, acts 
as a cushion for the innermost tape layers and 
guards against distortion from winding pressure 
and expansion-contraction stresses. 

Flange apertures are reduced to the minimum 
compatible with the need for observation and 
threading—giving further protection to tape and 
greater rigidity to the reel. Compare—as the 
moment of reel decision approaches, a look at all 
the facts should lead you to come out in favor 
of “SCOTCH” BRAND Precision Reels. 

Your 3M Representative is close at hand in all 
major cities—a convenient source of supply and 
information. For details on reels and tape con- 
structions, consult him or write Magnetic 
Products Division, 3M Co., St. Paul 6, Minnesota. 
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“SCOTCH” and the Plaid Design are registered trademarks of 3M Com- 
pany, St. Paul 6, Minnesota. Export: 99 Park Avenue, New York, N.Y. In 
Canada: London, Ontario. © 1960 3M Co 
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SCOTCH BRAND MAGNETIC TAPE 


FOR INSTRUMENTATION 
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500 HOUR LIFE GUARANTEE* 


Due largely to improved brush design, CPPC size 
8 DC motors qualify to catalogue specification after 
500 + hours of continuous duty or 200,000 cycles 
of intermittent duty in controlled environments. 


PRECISION CONSTRUCTION 


Featuring a 12-bar commutator (14” dia.), stain- 
less steel ball bearings, and corrosion resistant 
materials, the DC-8 family of motors is designed 
for miniature instrument systems. Weight 40 gms., 
Length 1.380” max., dia., .750”. 


OUTSTANDING EFFICIENCY 


The typical performance curves (below) exhibit a 
linear torque-speed characteristic. The efficiency— 
up to 60% at .25 in. oz. torque—considerably sur- 
passes that of other types of Servomotors. 


without overhaul 


FP 


ig \s 
lg 


} 
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| EFFICIENCY IN PERCENT 


POWER INPUT IN WATTS 


For full information, write or call: Sales Dept., 5050 
State Road, Drexel Hill, Pa., MAdison 2-1000, 
/ TWX Lnsdwn, Pa., 1122(U), or our Representatives. 


CLIFTON PRECISION PRODUCTS CoO., INC. 


l rT OwWN HEeEtiGaHt Ff Ss, 
ENGINEERS — Join a pioneer in the rotary components field. Write David D. Brown, Director of Personnel. 
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Recording Unit 
for Variable 1 


Recording Unit 
for Variable 2 


Controlling Unit 
for Variable 1 


Back of Bailey Recorder, showing how four 
plug-in units may be added as needed. 





Key to “‘step-by-step”’ 
automation... 


Controlling Unit 
for Variable 2 


BAILEY RECORDERS 


with plug-in flexibility 


When you are pioneering a new process and don’t 
know all the answers, complete automation is sel- 
dom practical. The first step is to identify your 
variables and measure them. Nothing does this job 
better than a Bailey Recorder. One instrument can 
record any four variables that can be converted to 
electric or pneumatic signals. 

Then you will want to add controls and feed back 
your measurements. Here’s where the versatility of 
the Bailey Recorder comes into play. For the same 


Bailey instrument you use to record variables is 
designed to accommodate plug-in control units. 

When you use a Bailey Recorder, you can build 
your instrumentation along with your process. At 
the start, you use only the plug-in units for record- 
ing. Then you add plug-in controls as you see the 
need for them. 

For the complete story of how you can use a 
Bailey Recorder for step-by-step automation, con- 
tact your local Bailey Engineer. 


G154-1 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1079 IVANHOE ROAD + CLEVELAND 10, OHIO 
In Canada— Bailey Meter Company Limited, Montreal 
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KOLLMORGEN STARFINDER 
Polaris missile submarines use the 
Kollmorgen-designed and built Type 11 
periscope—the world’s largest—for pinpoint 
fixes by celestial navigation. Reference stars 
are programmed into the sub’s stabilization 
computer in advance as celestial navigation 
coordinates. The Type 11 periscope then 
trains on a reference star, with adjustment 
by the operator as necessary, and feeds an 
error signal back through to the ship's iner- 
tial navigation system, which is automati- 
cally corrected. The precise position data 
necessary for optimum execution of the 
submarine’s mission is thus assured. 

Send for our illustrated, twenty-four 
page brochure describing Kollmorgen ex- 
perience, skills and facilities. 


CORPORATION 
NORTHAMPTON, MASSACHUSETTS 


(| KOLLMORGEN 
\ ¢ / 


NUCLEAR REMOTE VIEWING EQUIPMENT @ SUBMARINE 
PERISCOPES @ OPTICS @ BORESCOPES @® MOTION 
PICTURE AND TELEVISION LENSES @ PRECISION OPTICAL 
INSPECTION AND ALIGNMENT DEVICES @ ELECTRONIC 
CONTROLS AND COMPONENTS @ NAVIGATIONAL AIDS 


WESTERN TECHNICAL REPRESENTATIVES 
COSTELLO & COMPANY. LOS ANGELES, CALIFORNIA 


Resumes ihvited from qualified optical engineers 
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NEW! CONTROLLED» 


4 TRANSITRON TYPES AUGMENT 


NEW! TO-5 PACKAGE 
CONTROLLED RECTIFIERS 


Two series of diffused silicon PNPN bistable 
switching devices with very low triggering 


Silicon Controlled Rectifiers /Switches 
requirements and micro-second switching 


TCR251-TCR4001 series featuring: 


@ High gate sensitivity 20 ua to fire | @ Low leakage: 100 vA @ 125°C case 
e High gate sensitivity: 200 uA @ 25°C 
Low Holding Current: 5 mA maximum 


@ 25°C 


Current rating: 1 amp at 80°C case or 
600 ma at 25°C ambient 

@ Voltage ratings: Up to 400 volts 

Plus 2N1595-2N1599 series with same 
current and voltage ratings 
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NEW! CONTROLLED SWITCHES 


TSW31S-TSW201S PNPN bistable switching 
devices in TO-18 packages, with maximum 
holding current of 1 ma. 


e Covers current range from 1 ma to 200 ‘ 
ma @ 75°C ambient 


Voltage ratings up to 200 volts available e 





Temperature range:— 65°C to +150°C 











CIRCLE 244 ON READER SERVICE CARD 


: 


25ma 50ma 5A 


Series 

TCR 550 
TCR 520 
TCR 510 
TCR 505 


Package Average Forward Current Ratings 
1¥, hex base 
1%, hex base 
1%, hex base 


%, hex base 





Average Forward Current Ratings 
2N1600 


2N1595 
TCR 251 
TSW 31S 


%, hex base 
T0-5 

T0-5 

T0-18 


@ 
® 


lma 5ma 


























Maximum Holding 
Current Values 





The complete Transitron line of Controlled Rectifiers and Controlled Switches includes the following higher current types: 


NEW! 2N1600-2N1604 
and TCR505-TCR4005 
series diffused Silicon 

Controlled Rectifiers 


@ Current ratings: 3 amps at 
80°C case; 1 amp @ 125°C 


NEW! 


10 Amp Series 50 Amp Series 


20 Amp Series 


@ Current ratings 
50 amps at 
100°C case 


@ Current ratings: 10 amps 


@ Current ratings: 20 amps 
@ 25°C case; 5 amps at 


@ 25°C case; 


case 


@ Voltage ratings: 
volts 


@ Package: A,” hex base 


Up to 400 
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100°C case 


@ Voltage ratings: 
400 volts 


@ Package: 'Y,.” hex base 


Up to 





@ Voltage 
@ Package: 'V,” hex base 
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10 amps 
at 100°C case . 
ratings: Up to 
400 volts . 


Voltage ratings: 
Up to 400 volts 
Package 

1%,” hex base 
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RECTIFIERS & SWITCHES 


INDUSTRY'S BROADEST 2: 


Binistors / Transwitches 


THE BINISTOR 


(by-nis-tor) 


Transitron’s new silicon NPN Tetrode offers 
simpler, more reliable, more economical 
switching and storage circuitry. The key 
parameters of this bistable, negative resist 
ance device are determined by external cir 
cuitry, providing remarkable stability and 
uniformity over wide temperature ranges 
The signal and output swings are compatible 


o 


THE TRANSWITCH 


A PNPN 
that can be 
current. The 
package, and 
memory circuits, 
registers 
flop equivalents 


ring 


is designed for 


bistable silicon computer 


element 
turned on and off with gate 
device is available in the TO-18 


miniaturized 


counters, 
controlled rectifier drivers, and flip 
A 100 ma series (TSW-31A 


shift 


TSW-201A) has been added to the Transwitch 


with present transistor and diode circuits 
Two series are available: The wide tempera 
ture range or military types and the com 
mercial and industrial computer types. The 
stability and uniformity of each unit in the 
military series is absolutely guaranteed by 
the method of specification at critical tem- 
peratures (—65°C and +150°C\ 
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ABSOLUTE MAXIMUM RATINGS 
pas 3N56 

15 Volts 


series. Both series (SOmA and 100mA) are 
available in voltage ratings up to 200 volts 
For commercial and industrial applications, 
the SW-30 type is now available. This unit, 
especially designed for lower temperature 
applications features maximum collector 
current rating of 30mA and maximum volt 
age rating 329 
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ABSOLUTE MAXIMUM RATINGS 


























volte 











TSW-31 
thru TSW-201 


7 } aoa 
30 mA } 50 mA 
55°C to +85°C}| —55°C to +125°C 


| 
N 


TSW-31A 
thru TSW-201A 


100 mA 





3N57 ] 
15 Volts SW-30 
~ 30mA # ce c, ’ 


Collector to Emitter Voltage (V-¢) 











Collector Current @ 25°C (I,) Forward current |, 











Operating temp. range 





Storage & Operating Ambient Temp Range 





55°C to +125°C 








3N56 MILITARY TYPE 
SPECIFICATIONS & TYPICAL CHARACTERISTICS (At Noted Ambient Temp.) 


SPECIFICATIONS (AT 25°C) 


= ; T 








TSW-31 
thru TSW-201 


TSW-31A 
thru TSW-201A 


TEST 
CONDITIONS 
= 10mA, 1, = - 
4V,R, 3K 
supply 


AMBIENT 
TURN-ON | TEMP 

D.C. Collector |—65°C 
Saturation 
Voltage (Veg) 

Critical nib 38 
Injector | + | 28 
Current (I 


TYPICA es hen 
Max. Saturation Voltage (V,) 
Max. Forward ‘‘OFF’’ Current (| 


Max. Reverse Current (|, 10 , 





| 
MAX. | 
0.46 lov ti. 
0.7 10V | Vv 
1.2 15Vv | 
| Recs | 
5 mA| 
5 mAl | 











= } Raiesivenientens 
SmA* 1.5 V @ 30 mA| 1.5V @ 50 mA | 2V @ 100 mA 











10 wv | 10 wA 
10 wA 
> 85°C |50 wA @ 125°C |50 wA @ 125°C 


ceo! 
| 


10 uh | 


—————+ 














Max. Forward “OFF” Current (i-¢,)| 50 uA 
| - — —_—— - - +— — + 
Loh ae a ste ate a Max. Reverse Current (i,) | u 85°C |50 wA @ 125°C | 50 wA @ 125°C 
1.10 — _ — +- 








uence 





0.86 
0.40 


Max. Gate Voltage to Switch 
1.0V 
G ON 


“ON” (V 
~ Max. Gate Current to Switch 
ee = 
Max. Gate Voltage to Switch 
“WE” Me au) 
~ Max. Gate Current to Switch ae 
“OFF"’ (1 


Max. Holding Current (|, 








TURN-OFF | | 1.0 mA 
Base Cutoff + |} ce 


Vv 
Current (I,.) 2.0 {10.0 wa oe 


15 volts, V,, + 
— .6 volts 


13 voits 


| 4.0V 





3NS7 COMPUTER TYPE 
SPECIFICATIONS & TYPICAL CHARACTERISTICS @ 25°C 
| 10mA, |, +- .5mA* 


| min. | TYPICAL | MAX 
1 ] 
| c 
4V,R, = 3K 


10V | V 

| supply In writing for further information on all 
t the following bulletin numbers 
| 


10 mA 
6 ofr? 








fe NDITIONS. "5.0 mA 
TEST CONDITIONS 5.0m 


TURN-ON 
D.C. Collector 
Saturation 


Voltage (V-,) 





0.7 


J 


these devices, refer to 





Critical Injector 
Current (I, .,,,) 
TURN-OFF 

Base Cutoff 020 v = 15 volts, V,, 
Current (1...) } Voc — .6 volts 


28 10mA, |, 50ua Controlled Rectifiers & Switches 

86 c 0.25mA, |, = 50ua TE-1356E 
TE-1356D 
TE-1356C 
TE-1356B-1 
TE-1356B 
TE-1356A-1 
TE-1356A 
TE-1356AA 


Binistor & Transwitch 
Bulletin # TE-13578-1 
Bulletin # TE-1357B 
Bulletin # TE-1357E 
Bulletin # TE-1360A 
Bulletin # TE-13608 


TSW-31S series 
TCR-251 series 
2N1595 series 
2N1600 series 
TCR-505 series 
10 amp series 
20 amp series 
50 amp series 


Bulletin 
Bulletin 
Bulletin 
Bulletin 
Bulletin 
Bulletin 
Bulletin 
Bulletin 





TSW-31A 
TSW-31 
SW-30 
3N56 
3N57 


+ 13 volts 











*Unit must switch on under the above conditions; however, 
actual V., measurement is made with |, = - 50ua 


HHHHHHEHH 


auRomionon as choi a-aanele 


melrose, boston, mass. 


a -non a are) 


wakefield, 


‘Tra ngitron 


“*Leade rship in Semiconductors”’ 


YOUR AUTHORIZED DISTRIBUTOR: FOR QUANTITIES FROM 


Nia: 





“Shock Troop” 
Performance 


RBM MINIATURE 
HERMETICALLY SEALED RELAYS 
...withstands The reliability of this relay under 


severe conditions of vibration and shock 
10¢g 500 cycle has been field-proven in many appli- 


. ° 2 cations. It is another example of how 
vibration Nal Pic. R-B-M’s production maturity and 
i complete facilities can eliminate many 
of your engineering problems. 





RBW), aa Ul RBM Controls Division 


“Controlling the Future” 


5-3] —> GA" "41 im ee) jie). 7 wale), ma meley.\, b-jife], emi, lely.\, 7. 
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Raytheon’s Revolutionary A-D Converter 
Handles 5 Million Samples/Second 


It is 100 times faster than any other available 

. about the size of an office typewriter .. . offers 

Industry and the Military a basic, solid state tool 

compatible with the speeds of newer electronic 
systems. 

It can, with modification, scramble video signals 
...or ride inside a satellite or missile, converting 
temperature and other environment data. 

Its applications encompass almost any product 
or process requiring continuous, automatic control of 
a constantly varying multiphase system. 

Equipment employing this technique can digitize 
target information faster, enabling radar control sys- 
tems to intercept or guide missiles or aircraft more 
accurately . . . help analyze an oil refining process, or 
the trajectory of an ICBM, in millionths of a second. 


EQUIPMENT 
DIVISION 


EXCELLENCE IN ELECTRONICS 


It is the most recent example of Raytheon Com- 


pany Communications-Data Processing Capability. 


Mail Coupon Today For Folder & Specifications 


DIRECTOR OF MARKETING, 

Equipment Division, 

Department E-2, Raytheon Company, 
West Newton, Massachusetts 


Please mail me further information on new 7-bit binary 


code A-D Converter. I am currently concerned with: 




















(type of system) 


Name and Title 





Company. 





Address 





City & State 
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Above—Sola plate-filament transformer is built-in com- 
ponent of B & W Associates lie detector. It supplies 
plate and filament voltage regulated within +3% even 
when line voltage varies from 100 to 130 volts 
helps assure accurate operation in field. 


Below—Railway Communications Inc. uses Sola line 
voltage regulator to improve performance and reli- 
ability of this Rycom combination transmitter-receiver. 
Regulator delivers 118 volts stabilized within +1% 
under line voltage variations as great as +15%. 
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Build it in or add it on... 
Sola voltage regulation 
helps your equipment give 
full-rated performance 


Whether you build it in as a component or add it on as 
an accessory, a Sola static-magnetic voltage regulator 
soon pays for itself by keeping your equipment operating 
at its designed capability. 

These units provide a stabilized output voltage even 
when input voltage varies over a considerable range, and 
give you eight important advantages over electronic or 
motor-driven regulators: 


Ultra-fast response time of 1.5 cycles or less reduces effects 
of transients. 


No moving or renewable parts or routine maintenance. 
Automatic, continuous regulation; no manual adjustments. 


Protection against accidental short circuits and excessive 
overloads for unit and its load. 


Versatility: Step-up, step-down, plate, plate-filament, tran- 
sistor-voltage ratios are available to permit substitution in 
place of non-regulating transformers. 

Simple, compact design; light weight. 

High degree of isolation between input and output circuits. 
Negligible external magnetic field. 


This is the Sola Standard Sinusoidal Con- 
stant Voltage Transformer, shown in its usual 
accessory-type structure. It continuously regu- 
lates output voltage within +1% under line 
voltage variations of +15%. Because its output 

is essentially a commercial sine wave (less than 3% 
total rms harmonic content at any load above 25% of 
rating), it is ideal for exacting laboratory applications 
and instrument calibration, and with equipment sensitive 
to wave shape . . . designed d-c voltage levels in the load 
are not affected. 

The entire line of sinusoidal regulators is now available 
at prices formerly charged for static-magnetic regulators 
without the patented Sola harmonic-free circuit. 


This is the Sola Normal-Harmonic Con- 
stant Voltage Transformer, shown in com- 
ponent-type structure, with end bells and 

Lid separate capacitor. It offers the same reli- 
i ability and +1% regulation as Type CVS 

NX (above), and is suitable for the many ap- 
plications where a commercial sine wave voltage supply 
is not required. It is widely used for voltage regulation on 
filaments, solenoids and relays. 


Because prices of these normal-harmonic units have 
been substantially reduced, voltage regulation may now 
be possible in many of your applications. 

Sola static-magnetic voltage regulators are available 
in a wide selection of mechanical structures and ratings 
in over 40 stock models, and your custom designs can be 
delivered in production quantities. 


SOLA 


SOLA ELECTRIC CO. 
Busse Rd., at Lunt, 


7" Wriie for Bulletin 26L-CV 


BP 


A Division of 
Cc Basic Products 
Corporation 


Elk Grove, lilinois 
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CHECKUP on your Control Valves... 
CHECKOFF these Annin Advantages7& 





MINIMUM number of parts per 
complete valve. 


OVER 60,000 successful case 
histories of split body 
valve applications. 


POSITIONING ACCURACY 
guaranteed, .001 inch 
per inch of stroke. 


CONSTANT INSTRUMENT signal 
sensitivity throughout signal range. 


/ 
/ COMPLETE INTERCHANGEABILITY 
ff Any other of any Domotor valve to on-off 


a source might pneumatic control, pneumatic 


hydraulic, electro hydraulic, 


/ ; electro pneumatic or 
give you manual actuator. 
a few... 
n ENGINEERED FOR MANUAL 
but with control with any of the above 


automatic actuators, if desired, 


. 
Annin you at minimum cost. 


/ 
/ 


I 

get them all! SIMPLIFIED ADDITION of high speed 

7 booster units to any pneumatic 
positioning actuator. 


ADAPTABILITY of bellows seal, 
doolseal or plain extension to any 
_ Standard valve. 


BODY SIZES from 14” up. 


COMPLETE LINE of body ratings: 
600 — 1500 — 2500 Ibs. ASA; 

special 10,000 and 60,000 psig design, 
temp. —450°F to 1600°F. 


CONVERSION FROM globe body 
to angle body construction with only one 
additional part. 


ADAPTABILITY TO 3-WAY Valve 
Construction with minimum 
parts and cost. 

MINIMUM COST for change from 


soft seat construction to hard seat, 
or vice versa. 


} . 
THE ANNIN COMPANY 
First in a series of checklists VU? 1040 South Vail Avenue 
on Annin features. j VAL VES Montebello, California 
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IF IT DOESN’T FIT 


WHY WEAR IT? 


Our former corporate name, Brooks Rotameter Company, used to be adequately descriptive of us. 
We made rotameters, and that was that. ¢ Now the shoe doesn’t fit so well any more. For now we 
make many diversified flow-measurement instruments. The unique MagPnuTraX™ Flow Trans- 
mitter is one example—and other new and advanced designs are on the way. ® So we’ve decided to 
change our name. From here on out, we’ll be known as the Brooks Instrument Company (with an 


” 


“Inc.” added for good measure). © Watch this new name. You'll be seeing it on some of the most 


talked about instruments in the industry. 


se ] BROOKS INSTRUMENT COMPANY, INC. 
. | HATFIELD, PENNSYLVANIA 
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ACCURATE 
Measurement 


Plug this portable, self contained unit 

into any 110 volt, 60 cps outlet. 

This is all you need to accurately measure 
any displacements in ranges from 

14, inch to 10 feet; from any distance up to 
1000 feet. The system is built on the 

null balance principle. Since it 

contains no vacuum tubes, it is capable 

of operation for years without 
re-calibration or loss of accuracy. 


TRANSDUCERS 
linear displacement - 
angular position - 
velocity « torque- 
force « pressure 





Flow and pressure regulators. 
Reservoirs and accumulators. 


FEATURES 


Stroke: 14” up to 10 feet. 
Accuracy: + .3%. 
Recording: Provides D.C. output for 


control and for recording 
displacements down to .0005 inch. 


Package: Self contained; no added 
instrumentation required. 


VALVES ee pe 
Differential relief, solenoid Pig EXPECT MORE FROM Ww ' wi L 
and priority valves. oN On ee SYSTEMS —_— 


Phones: TR 3-3510, ST 6-7210 + 8044 Woodley Ave., Van Nuys, California 


Your inquiry will receive an immediate reply from engineers experienced in the design and application of transducers and valves 


for the solution of measurement and control problems. 


NOVEMBER 1960 
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PRECISE SHAFT POSITIONING EASY 
WITH GURLEY RESOLVER TEST STAND 


The new Gurley Resolver Test Stand solves the long- 
standing need for a reliable instrument in production 
tests of resolvers, synchros, potentiometers and other 
such equipment. 

The Gurley Model 7530 test stand is a precision 
shaft-positioning device, consisting of an optical co- 
incidence reading system with + 2 second accuracy, 
a rack and gear for precise shaft positioning, and an 
adaptor plate and coupling. 

In use, the unit under test is mounted on the adaptor 
plate and is connected to the shaft of the test stand 


by a miniature flexible coupling. The shaft system is . 


then quickly adjusted to an approximate angular po- 
sition by means of the rapid drive disc. Accurate final 
positioning is accomplished with a slow motion drive. 
The angular position of the shaft is read directly to 
the nearest second of arc. 

For an illustrated bulletin, write on your letterhead 
to Industrial Division, W. & L. E. Gurley, 537 Fulton 
Street, Troy, N. Y. 


86 


W.& L. E. GURLEY 


TROY, N. Y. 


CONTROL ENGINEERING 





TRéeoko€ PROGRAMS X-15 ENGINERBB TESTS WITH AMP PATCHBOARDS 
To test the 50,000 pounds of whoosh in its new X-15 engine, Reaction Motors Division of Thiokol Corpora- 
tion required versatile and reliable programming systems to connect instrumentation to six different 
test stands. With the assistance of AMP engineers, Thiokol installed six patchboard programming 
systems that can connect one set of test instruments of any of six test stands with a flick of the wrist— 
a saving of time, personnel and equipment. In addition to tremendous flexibility, AMP systems—either 
universal or shielded—provide a number of exclusive features including pre-cleaning of contact pins 
and springs, rugged take-a-beating construction, an almost unlimited range of sizes, plus electrical 
characteristics suited to the most sensitive applications—all contributing to top notch reliability. 
For the complete story, write for our Patchcord Programming Catalog. 


Reaction Motors’ technician 
switches instrumentation 
from one test stand to another 
with a flick of the hand. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Italy « Japan « West Germany 
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LAMBDA 


COM-PAK Series 
Regulated Power Supplies 





Immediate 
delivery from stock. 


Convection cooled, 
no troublesome blowers. 


Rated for 24 hour 
continuous operation at 
50°C ambient. 

Swing open back ; 
for easy access. 


Transient 
free-output. 


Excellent regulation. 





C-280 (without meters) , 0-2 
C-281 (without meters): 125-325 VDC, 0-200 MA. 159.50 
C-282 (without meters): 325-525 VDC, 0-2 
C-480 (without meters) 
C-481 (without meters): 125-325 VDC, 0-400 MA. 244.50 
C-482 (without meters): 325-525 VDC, 0-400 MA. 259.50 


Guaranteed 5 Years 


C-880 (without meters): 0-200 VDC, 0-800 MA.$340.00 
C-881 (without meters): 125-325 VDC, 0-800 MA. 315.00 
C-882 (without meters): 325-525 VDC, 0-800 MA. 360.00 
C-1580 (without meters): 0-200 VDC, 0-1500 MA. 550.00 
C-1581 (without meters): 125-325 VDC, 0-1500 MA. 575.00 
C-1582 (without meters): 325-525 VDC, 0-1500 MA. 650.00 


0-200 VDC, 0-200 MA.$184.50 


00 MA. 169.50 
0-200 VDC, 0-400 MA. 259.50 


For Com-Pak Series models with meters, add the suffix ‘‘M"’ to the model number 


and add $30 to the unmetered model price. 





COM-PAK FEATURES 


e Hermetically-sealed transformer—designed to 
MIL-T-27A 

@ 50 to 400 CPS input 

@ Semi-conductor rectifiers for higher efficiency 
in C-400, C-800 and C-1500 series. 

@ Overload protection with built-in blown-fuse 
indicators 

@ Stable, low noise wire wound reference net- 
works and multipliers 

@ Oil-filled, hermetically-sealed capacitors 

@ Conservatively rated for continuous duty 

e Easy service access without removal from 
rack; all tubes readily accessible for replacement 
e Provision for remote DC vernier voltage ad- 
justment 


e Exclusive design, height only 514” (C-200 and 
C-400 series). 7” (C-800 series) and 834” (C-1500 
series) 


CONDENSED DATA 


Regulation: Line Better than 0.15% or 0.3 Volt (whichever is greater). 
For input variations from 105-125 VAC. 


Load Better than 0.25% or 0.5 Volt (whichever is greater). For 
load variations from 0 to full load. 


Transient Response: Line Output voltage is constant within reg- 
ulation specifications for step-function line voltage change of 
plus (+) 10 volts or minus (—) 10 volts rms within the limits 
of 105-125 VAC. 

Load Output voltage is constant within regulation specifications 
for step-function load change from 0 to full load or full load to 0. 


Ripple and Noise: Less than 3 millivolts rms. 


AC Output: (unregulated) . . . 6.5 VAC (at 115 VAC Input). C-200 
Series . . . 10 AMP; C-400 Series . . . 15 AMP; C-800 Series . .. 
20 AMP; C-1500 Series . . . 30 AMP. 

AC Input: 105-125 VAC, 50-400 CPS 

Controls: DC Output Controls: Band-switches and screw-driver 
adjusting vernier-control, rear of chassis. 


LA tlt 


SEND TODAY FOR COMPLETE DATA 


LAMBDA ELECTRONICS CORP. 


11-11 131 STREET e DEPT. 4 
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U-TUBE 

WELL TYPE 
PRECISION WELL TYPE 
MULTIPLE TUBE 
INCLINED 

FLOW METER 


SOo0odo 


Not Illustrated: 

Tank Gauges 
Photo-Manometer Panels 
Micro-Manometers 








Announcing a complete line of Manometers as Trimount 
Instruments joins General Controls 





Through the acquisition of the Trimount Instrument Company, 


General Controls now offers a complete line of modern, accurate 
manometric instruments for every application. This famous 
product line will continue to be produced to the same high engi- 
neering standards that have brought broad acceptance to both 
Trimount and General Controls in the industrial instrumenta- 
tion field. And all products manufactured and distributed by the 
Trimount Instrument Division will be sold and serviced through 
General Controls’ international network of factory branch 
offices. Also included in the Trimount line are the “Crown” 
Hydraulic Remote Control Systems and the Electronic Level 
Indicators/Controllers. 

General Controls maintains 44 factory branch offices throughout 

the United States, Canada and Western Europe. For complete 
information on any Trimount product, check the yellow pages for 
your local factory branch or Trimount representative. 


Manufacturers of Manometers, Electronic Level Indicators/ 
'€ Controllers and Hydraulic Remote Contro/ Systems 


TRIMOUNT INSTRUMENT DIVISION 


GENERAL CONTROLS co. 8080 McCormick Boulevard, Skokle, Illinois 
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ELECTRONIC LEVEL 
INDICATORS/ CONTROLLERS 

Line includes capacitance type 
ON-OFF Controllers. Also 
transistorized linear and 
proportioning Level Indicators/ 
Controllers, designed for use 
with liquids, gases and solids — 
including cryogenic materials. 


HYDRAULIC REMOTE 

CONTROL SYSTEMS 

Self-contained hydraulic 

systems for positive, infinite 
sitioning of remotely located 

levers, guides, valves or 

actuators. 
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The first six years of Space Technology Leadership 

Since 1954, when the Air Force ballistic missile program was accorded top national priority, Space Technology Laboratories has 
been engaged in virtually every major phase of research, development, testing and technical management of missile and space 
systems @ STL’s contributions have hastened the day of operational capability for Air Force ballistic missiles, and have been 
applied as well in satellite projects and space probes @ Today, as STL’s activities expand in significance and scope, STL offers 
exceptional opportunity to the outstanding scientist and engineer whose talents and training will add to, and benefit from, the 
accumulated experience that has enabled STL to conceive and accomplish major advances in the state-of-the-art @ STL’s creative 
flexibility, anticipating and responding to the demands of space progress, ranges in application from abstract analysis to complex 
hardware fabrication for military and civilian space projects @ STL invites scientists and engineers to consider career opportu- 


nities in the atmosphere of Space Technology Leadership. Resume and inquiries will receive meticulous attention. 


SPACE TECHNOLOGY LABORATORIES, INC. p.o. 80x 95005z, Los ANGELES 45, CALIFORNIA 


a subsidiary of Thompson Ramo Wooldridge Inc. 


Los Angeles * Santa Maria * Edwards Rocket Base * Cheyenne 5 / Cape Canaveral * Manchester, England * Singapore 
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aa Ob obin-tel 4 
giving 
makes good 
business 
sense, too!” 


Every business has a vital stake in the welfare of its community. The businesslike way to protect these 
interests is to support your community The United Way. Your United Fund or Community Chest Campaign 
takes care of many community needs without the confusion and waste of separate appeals. 

Your company can contribute in three important ways! @ Make sure your company makes a generous 
corporate contribution. It helps protect the welfare of your employees and customers. g Help your employees 
meet their obligations through easy payroll payments. Experience shows this often doubles, even triples, 
results. g Stimulate executive participation in support of your local fund. Such participation helps safeguard 
the dollar investment made by your company and its employees. 

Remember, giving The United Way helps your community and your company. GIVE THE UNITED WAY 
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ENGINEER’S 
BIRD 
GUIDE 


Litton has designed and developed an airborne 
computer that can perform 250,000 additions per 
second in a complete package less than 7 cubic feet 
in volume. This general-purpose data processor 
incorporates an advanced combination core and 
drum memory, high-speed switching circuits, and 
esoteric logic organization that features dual 
instruction registers and interlaced operand and 
instruction access cycles. 

Litton airborne systems currently in production 
for manned aircraft are for the Grumman A2F, 
W2F, WF2, and the Lockheed F-104 and P3V. 


Engineers experienced in logic design, circuit 
design, computer programming and disciplines 
related to computer systems, guidance and control 
systems, and tactical data systems will find posi- 
tions of absorbing interest in our R&D and manu- 
facturing facilities in Los Angeles suburbs. A 
laboratory for research and development in ad- 
vanced communications is maintained in Waltham, 
Massachusetts. If you can make significant contri- 
butions in any of these areas, write to Mr. Don 
Colvin, Research and Engineering Staff, Ventura 
Freeway at Canoga Ave., Woodland Hills, Calif. 


LITTON SYSTEMS, INC. 


Computer Systems Laboratory 
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YOUR FISHER/MAN STANDS BEHIND THIS PNEUMATICALLY OPERATED PISTON... 
FOR 
Inherent Accuracy- 
Power- Speed. 
and Stability 


FISHER TYPE 470 P.O.P. 


Delivers same power in either direction 
at any point of the stroke. 


> 
» Adaptable to virtually all types of valve 
» 
» 


bodies including Butterfly valves. 


No air set required—utilizes clean, non- 
corrosive air or gas up to 150 psi. 


Easily reversible actuator can be changed 
in the field. 


This small, compact piston actuator incorporates its own 
positioner mounted integrally on top of the cylinder. 
Positioner receives any of the normally used pneumatic 
instrument signals. Then, without an air set, actuator 
utilizes the full potential of the available instrument or 
gas supply to provide exceptional speed and power. 
Series 470 is available in six basic sizes and can be 
supplied for travel up to 4”. Basic actuator can also be 
furnished with a handjack, hydraulic snubber, pneumatic 
safety devices or as a spring return unit. Write for 
Bulletin E-470. 


PERFORMANCE DATA 
Air Consumption (Static) 20 SCFH at 100 psi supply. 





Instrument Signals... 3 to 15 psi, 5 to 25 psi, 6 to 30 psi, 
.- to 60 psi. Suitable for split range 
also. 





Temperature Limitation 175°F. 





Maximum Hysteresis 0.15% of total stroke or instrument 
signal. 





Repeatability 0.03% of the total stroke or instru- 
ment signal. 





SUPPLY PRESSURE PSI 





Resolution Sensitivity Minimum change in the measured 
variable to produce an effective +f + f+ ih + } 
movement of the final control ele- WIAA | 
ment is .02% of the instrument pres- 5 J I cI tC 
sure range. 5 o “ 

STEM FORCE - 1000 LBS 
































4 





R J " 
Frequency Response Pe be ks hn Fg CYLINDER DIAMETERS AS MARKED ON EACH CURVE 


Load Sensitivity......... ‘ Percent of total travel per 100 Ibs. 
stem force is .065% for Size 60. AVAILABLE STEM FORCE 


IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD. ..CHANCES ARE IT’S CONTROLLED BY... 


FISHER GOVERNOR COMPANY 
Marshalltown, lowa / Woodstock, Ontario / London, England 
-BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT COMPANY, CORAOPOLIS, PA, SINCE 1880 


A 





NOVEMBER 1960 CIRCLE 93 ON READER SERVICE CARD 93 





NEW 

HIGH 
aaa 
REPETITIVE 
OPERATION 
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INDUSTRY’S PULSE 


The Missing Market 
in Computing-Control 


After what looked like a highly satisfactory start, sales of 
“general purpose” digital computers for process control applica- 
tions have failed to live up to optimistic expectations. Although 
the steel and utility industries (particularly electric generating 
plants) are now adding computers for control at a ’ relatively 
rapid rate, the petroleum and chemical processing industry has 
adopted a far more cautious attitude and seems to be demand- 
ing better evidence of economic justification. 


Interviews with potential users of such equipment have turned Missing link 
up an interesting opinion: many of these men believe there is 
a key gap in the “chain of commercially available equipment for 
computing-control. The missing link: special purpose com- 
puters to control a specific part of a process. 

By special purpose, these control engineers mean a stored 
program computer (either digital or analog), whose program 
is wired in, cannot be easily changed. This contrasts to general 
purpose process control equipment, like the RW-300, L ibratrol 
1000, RCA 110, etc., whose program is inserted by some me- 
dium like punched tape and can be changed at will. Although 
there are almost 20 different general purpose digital computers 
being offered for process control, there are only two special 
purpose digital machines commercially available: Daystrom’s 
Flowcon, designed to control the Universal Oil Products Molex 
process, and Westinghouse’s Opcon. 


What makes the special purpose concept look so attractive Dollars 

is strictly a matter of dollars and cents. Flowcon, for example, #"4 oume 
costs about $20,000, including computer and instrumentation, 
a cost easier to justify than price tags ranging from $125,000 
to $300,000 for a general purpose computer installation. Phillips 
Petroleum Corp.’s T. J. Wherry points out “historically lower 
cost installations seem to show higher percentage returns.” 

To date the expense of a general purpose installation for con- 
trol has been increased by the necessity for a special engineering 
study of the process for computer control. Then most of the 
machines have to be modified to fit the particular process in 
hand. Daystrom, for example, claims it has yet to build two of 
its general purpose “information systems” that are exactly alike. 

TRW Computers Co. and General Electric agree. 

The special purpose computer approach is not automatically 
less expensive than a general purpose approach. For example, 
Information systems, Inc. has tried to sell its DDA-type com 


NOVEMBER 1960 





S.A. 171A 


Cc, is the thing to see 


Take a hard look at fundamentals when you 
buy diaphragm control valves. 


Valves of the same size won’t necessarily de- 
liver the same amount of valve performance. 
Flow capacity, not nominal size, is the dollar 
dimension to look at. 


K&M valves provide the largest flow coef- 
ficient available. That means, in some cases, 
you can use the next smaller size at a worth- 
while saving in dollars. In all cases, K&M’s 
higher Cy produces a smaller pressure loss in 
the body; it places the flow restriction where it 
belongs . . . at the controlled inner valve. 


Averaging 140% of cross-sectional pipe ‘area 
K&M _ valves provide more space for fluids to 
flow .. . smoothly, freely with less turbulence. 


& 


diaphragm control valves 
Our 79th Year 
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Result—you get what you are really after 
. .. better controllability at lower cost. 


Why not size up your control valve buying 
decisions on a real—not nominal—-size basis? 


Request Bulletin CV53 


C, COMPARISON TABLE 


K&aM Valve B 
8.4 
17.3 14.9 
39.1 i 
61 57 
71.0 
116 
197 


KIELEY & MUELLER, INCORPORATED 


Oldest Pressure and Level Control Valve Manufacturer 
64 Genung Street, Middletown, New York 


CONTROL ENGINEERING 





puter (designed by Genesys Corp. which was merged along 
with Panellit into ISI) as a special purpose machine but found 
that the modifications required ran the cost higher than the 
general purpose 609 computer which ISI also sells for process 
control. 


Here is the approach that looks most promising now. A ea gr 
process or a unit operation that is widely used—such as furnace *°™ 9O% 
control or flame monitoring and control—would be studied and 
a special purpose digital computer designed for that particular 
application. Because it is specially tailored, there is a minimum 
of extra components; and because it can be built in volume, 
upwards of 100 units, the special purpose computer black box 
could sell at an attractive price—perhaps $20,000 to $30,000. 

This is the philosophy behind the Flowcon computing-con- 
trol which UOP is currently selling on its Molex process. Day- 
strom has plans to bring out other special purpose computers 
for control jobs in the utility, steel, chemical products, and oil 
refining industries. Some of these will be developed in col- 
laboration with UOP, but others will be developed by Daystrom 
alone. At least one other computer manufacturer will offer a 
special purpose digital device to control a specific unit operation 
within the next 12 months. 


For the most part, however, digital computer makers are neg- Analog opening 
lecting this missing link, thus leaving a big opening for analog 
equipment makers. A segment of process control engineers 
prefer analog equipment for control applications anyhow. And 
manufacturers are taking advantage of this. Minneapolis-Hon- 
eywell, for example, offers a fractionator reflux analog computer 
(developed by Phillips Petroleum Co.) and a gas flow computer 
system. Electronic Associates, a maker of analog equipment 
for simulation and engineering problem solving, has been work- 
ing on a process control computer, may announce it early next 
year. 

At least one executive in the computer industry feels that 
special purpose computing-control devices will be the dominant 
factor in the market by 1963. Because of this innovation he and 
others in the field now put the potential market for all comput- 
ing-control systems at $500 million per year by 1970. But to 
reach that figure, makers are counting on filling the missing 
link in computing-control equipment with special purpose 
devices that can be sold in large volume. 
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Offers the Industry’s 


Broadest Line of Switching Transistors 






PHILCO 


TRANSISTOR GUIDE 
FOR 
SWITCHING CIRCUIT DESIGNERS 


NE W Ly Transistor Guide 
for Switching Circuit Designers 


To help you find the right transistor for your 
switching requirements, this brand new guide 
will be a valuable aid. It contains a complete 
selector chart, covering 42 different Philco 
switching transistors ... descriptions of major 
types ... their important parameters .. . help- 
ful application information. A copy of this 
8-page guide, plus a price schedule, is yours 
for the asking. Write Dept. CE1160. 


HiILCO 


Famous for Quality the World Over 


DIVISION 


LANSDALE 
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Each Designed to Meet 
Your Specific Requirements 


Switching circuit designers are constantly faced with the 
problem of finding the transistor that best meets their 
specific requirements in speed, power and electrical 
characteristics. You will find precisely the transistor you need 
in the Philco line . . . for it is the broadest line of switching 
transistors in the entire industry. Unlike other manufac- 
turers who offer limited lines of general-purpose switching 
transistors, Philco produces transistors that are specially 
designed to meet specific applications. Precise control 
of all parameters, made possible by Philco’s exclusive 
Precision-Etch* process, permits extremely tight specifica- 
tions with absolute uniformity. Don’t settle for a transistor 
that is “almost right” when you can get one that is precisely 
right from Philco ... at the same price! 


*Trademark Philco Corp. 


5 Ore 


° 
¢ - 
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LANSDALE, PENNSYLVANIA 
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Needs to Know 


“Start me with the basic physical principles. On them build an argu- 
ment and take me on through the derivation of application formulas. I'll 
take it from there. Don’t give me a cold start from ‘cook-book’ formulas 
and tell me how and to what I should apply them. I'll figure that out.” 
So writes an engineer who contends that too many schools and _publica- 
tions are presenting cut and dried techniques for the user to take on faith 
without giving him the conviction that springs from an understanding 
of how the techniques were derived. | 

Another engineer writes, however, that he doesn’t have the time or the 
need to fully understand the basic derivations of all control techniques. 
ile wants us to put in perspective new methods of control systems analysis 
and design. He needs to know what the available methods are, the most 
powerful equations distilled from the method, to what sorts of systems 
problems they apply, and what application limitations the equations face. 
A publication that does this, he says, gives him enough knowledge to be 
selective. He can then decide which of the new techniques he should 
learn in detail. 

We've heard that it’s impossible to serve more than one master. Regard- 
less of rusty cliches, we believe that technical publishing is effective only 
when it meets reader needs. Both of our correspondents have a need to 
know. We aim to fill both needs at the same time. Our method is to 
present new techniques in the perspective needed by the second corre- 
spondent and to also offer complete derivations for the first correspondent. 
The derivations are either in the body of the articles we publish or are 
available on written request. Judge our method by examples: “Don’t 
Overlook Positive Feedback,” pages 115-119 in this issue, is one. The 
author places the proposition in perspective and fully derives application 
equations for a common problem. Later in the article he gets to the 
application equations for a more special problem. We then offer to mail 
his derivation to any reader who writes us for it. 

The control field will adopt more and more complex mathematical 
techniques. Control engineers will apply them to multivariable problems 
embracing larger and larger arrays of interrelated factors. We believe 
that our double-barreled editorial approach described here will prepare 
control engineers to do the work. 


UE Vaunak 
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vow... 9ervo Power .. 


A high-accuracy, low-cost, motion-balance transmitter for 


Gage Pressure, Volumetric Pressure, Volumetric Load, Temperature 


Taylor’s new integrated line of pneumatic transmitters features 
servo-driven indication as an option on the indicating model. This 
provides ample power for process alarms—and other auxiliary 
functions such as digital encoders and potentiometers—with no loss 
of accuracy in the transmitted signal. Not only does it satisfy today’s 
requirements . . . it provides for possible future needs. Other 
important features of the TRANSCOPE 210T include: 


© High accuracy. Transmitted signal is within 42% of the input 
signal. Indication is within + 1% of actual value. 





© Exceptional readability. Big 1134” long concentric 270° scale can be 
read easily at 25-35 ft. Yet case measures only 7” x 9” x 4”. 


© Threshold sensitivity. 0.1% of input span. Low-friction drive 
mechanism permits accurate handling of low-energy input signals. 


Diagonally-split case permits calibration P - . 4: 
adjustments to be made without remov- © Designed for easy maintenance. Only 3 basic parts. A high quality 


encapsulated motion amplifier; single-packaged pneumatics .. . 
servo-powered follow-up and relay valve; interchangeable, time- 
tested actuating elements. 


© Lower inventories. Benefits large users of instruments by utilizing 
actuating elements which are common with FULSCOPE® and other 
Taylor indicating, recording and controlling instruments. 


© Conveniently calibrated. Diagonally-split case makes all adjustments 
easily accessible by merely removing cover. 

© Weatherproof case. Special baked epoxy resin finish on die-cast 
aluminum case . . . designed for field installation. 


© Adaptable mounting. Universal bracket permits. wall or pipe 
installation. 


© Non-indicating model (211T) has same performance as 210T except 


for process indication. 


Ask your Taylor Field Engineer for a demonstration, or write for 


Single-package pneumatics . . . servo- Bulletin 98385 
powered follow-up and relay valve, en- $ : — 
capsulated movement and actuating ele- Taylor Instrument Companies, Rochester, N.Y., or Toronto, Ont. 


ment are easily removable, replaceable. 


CONTROL ENGINEERING 





New Taylor TRANSCOPE' Transmitter 


Read it 
up to 35 fel 


MEAN ACCURACY FIRST 
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Did you ever use a computer 
as versatile as the 


INNER 31007? 


The Donner 3100 isn’t for people who merely wish to 
push buttons. It is a medium sized, high accuracy 
computer, simple to operate, but designed so it doesn’t 
horsecollar the operator. In its class (20 to 100 ampli- 
fiers) it is the most versatile analog computer. Two 
big reasons for this are the 3100’s uncommitted ampli- 
fiers and its simulation board, an auxiliary patchbay 
electrically connected to the main removable problem 
board. Here’s what they do: 


Uncommitted Amplifiers. The 3100’s amplifiers are not 
already wired as summers or integrators. The opera- 
tor patches his resistors and capacitors to the amplifier. 
Obviously, he is not limited to using computing com- 
ponents with fixed values. If he wants to use only two 
components per amplifier, all the rest are free. De- 
pending upon your needs, the 3100 can be supplied 
with up to 50 amplifiers per console and two or more 
consoles may be slaved. 





The Simulation Board. Here the operator can plug in a 
wide variety of components—resistors, capacitors, pots 
and diodes. He can synthesize (a) complex input and 
feedback networks for amplifiers, (b) complex resis- 
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tor-diode limiting circuits and (c) resistor-capacitor- 
inductor filter networks. Programming these circuits 
on the simulation board is far simpler and saves ampli- 
fiers. For example, a mass-spring system is oscillatory 
and usually needs three amplifiers to simulate it: 


rah roiko aeennnaenl 
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But this clever little circuit does the same thing: 
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You see, we have eliminated two amplifiers by using 
the simulation board. 


Speaking of economy, $13,995 buys a Donner 
3100 with 30 stabilized amplifiers and 55 potentiom- 
eters. A full line of nonlinear and accessory equipment 
is available. Free instruction on computer theory and 
operation is included. 


Get More Facts — Contact your Donner engineering 
representative for Data File 310, or write directly 
to Dept. 21. 


IN|. INT EE RR ocomrany. 
dD © COMPANY 
A Subsidiary of Systron-Donner Corporation 


CONCORD, CALIFORNIA + MUlberry 2-6161 
29 
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A CONTROL ENGINEERING CASE HISTORY 


Closed-Loop 
Computer Control 
at LULING 


Monsanto's ammonia unit at the Barton Plant is now under complete full-time 
control of an RW-300 digital computing-control system and has been operating 
successfully for several months. During this short period the installation—the 
the single largest and most complex computer controlled chemical process oper- 
ating today—has already given good indications of meeting the economic pay- 
out goal set for it. 

In this comprehensive 12-page article the authors reveal step-by-step the fac- 
tors leading to Monsanto's successful computing-control system. As examples 
they describe how the system was economically justified; how ammonia is made; 
how the project team used plant data to develop the mathematical model; 
what setpoints and other factors the computer calculates; and, finally, how 
the team revised plant instrumentation, installed the computer, tested the com- 
puter programs, and put the computer on line for closed-loop control. 


R. D. EISENHARDT 
T. J. WILLIAMS 
Monsanto Chemical Co. 


Three years ago Monsanto Chemical Co. joined 
with Thompson-Ramo-Wooldridge Products Co. in 
establishing a feasibility study team to determine 
whether or not digital computer control would be 
possible for Monsanto’s ammonia unit at Luling, La., 
and to estimate the economic and technical benefits 
from such a control system. ‘The mathematical 
model resulting from the study indicated the: man- 
ner by’which various process improvements could 
be made and provided a basis for estimating the 
economic justification of a control computer. Engi- 
neering evaluation indicated that the proposed com- 
puting-control system offered a potential economic 
payout. 

Once the decision was made to go ahead, Mon- 
santo ordered an RW-300 digital computer from 
TRWP, and the two companies established a second 
team—offering a wide range of needed specialties—to 
assume control of the project. What these two teams 
accomplished is téld here. 


Justifying the computer control system 


While the installation of a process computer con- 


trol system might very well be justified as a research 
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or development project, Monsanto chose to justify 
the computer system for the ammonia plant, Figure 1, 
by its achieving specified economic and technical 
objectives as part of a producing unit. The objectives 
are listed in ‘Table I. 

Briefly, these are the steps in the engineering 
evaluation. Such uncontrolled variables as atmos- 
pheric conditions—mainly temperature—affect the 
capacity of the producing equipment. Basically the 
computer's task is to minimize the effect of uncon- 
trolled variables. 

It is known that such things as a line of thunder- 
storms passing across a plant during hot days enables 
production to be increased because of the cooling 
effect associated with and immediately following the 
storms. It is also known that the plant’s production 
capacity is greater during the winter months than the 
summer months. With this in mind, data was col- 
lected to obtain a relationship between daily produc 
tion and effects of atmospheric changes. Plots of such 
data, broad arrays of points scattered about a line, did 
in fact indicate increased production as temperature 
decreased. 

The next step was to obtain a function expressing 
the average production under operator control of the 
plant. To do this, a regression analysis of the produc- 
tion data was performed on an IBM 704 computer. 
The resulting function was plotted along with avail- 
able temperature data. Next, the function was shifted 





up to pass through the maximum points of the pro- 
duction data. This new plot served as a measure of 
the maximum increase in production that could be 
expected, assuming that the maximum points of the 
data were correct. Since some raw data had to be 
adjusted due to equipment configurations, a conserva- 
tive estimate of two-thirds of the indicated production 
increase was established as the basis for economic 
justification of the computer control system. Having 
set this ground rule, the possible increase in pro- 
duction based on daily average temperature was 
calculated. (The difference between the average pro- 
duction curve and the indicated maximum production 
curve was greater for the summer months than for the 
winter months.) In this way the feasibility study 
showed what could be added to the credit side of 
the project. 

On the debit side, however, were the costs of in- 
stalled equipment, procurement and training of per- 
sonnel to maintain the system, design, engineering, 
installation, and overhead. Final analysis revealed 
credits sufficiently exceeded debits to meet Mon- 
santo’s requirements for return on investment. 


How ammonia is made 


The ammonia unit at Luling, built in 1954 by the 
Chemical Construction Corp., is operated by Mon- 
santo’s Inorganic Chemicals Div. The plant itself is 
shown in Figure ]. As the photograph and the over- 
all process and equipment diagrams—Figures 2 
through 6 in the spread on pages 106-107—indicate, 
the ammonia plant is a widespread, complex operat- 
ing unit. 

The chemical equation for ammonia is: 

3H: + N: S 2NH; 

In the primary reformer a mixture of steam and 
natural gas (principally methane) reacts in the pres- 
ence of a catalyst to produce hydrogen (for the 
ammonia) and carbon monoxide. External heat is 
supplied to this unit from a reformer furnace burning 
natural gas. Heat exchangers preheat the primary 
reformer feed gas and achieve a utilities savings. 
Natural gas thus serves both as a feed and a 
fuel for the ammonia process. Figure 3 shows some 
of the process equipment and conventional con- 
trol instrumentation concerned with the pri- 
mary reforming area. Reformer temperature is 
maintained by a furnace combustion control system, 
Figure +. Here, the temperature measurement from 
the reformer cascades into the fuel gas flow control 
loop. The fuel gas flow measurement also feeds in- 
directly into other portions of the combustion control 
arrangement. 

The secondary reformer burns some of the hydro- 
gen from the primary reformer with air to supply heat 
for further catalytic conversion of methane and steam 
and to remove nearly all oxygen from the air. This 
step provides the nitrogen for the ammonia. Here the 
addition of flue gas allows independent regulation of 
the Hz to Nz ratio and the secondary reformer tem- 


perature, permitting maintenance of the methane 
content in the output at a sufficiently small value for 
efficient operation. 

The CO converter, or shift converter, Figure 5, uses 
a catalyst to accomplish the water-gas-shift reaction 
which reacts most of the remaining carbon monoxide 
with additional steam to produce hydrogen and car- 
bon dioxide. The proper amount of steam must be 
added to convert the CO to COs, shifting the He 
to Ne ratio from about 2.7 to 1 at the secondary re- 
formers exit to about 3.1 to 1 at the converter exit. 

The low pressure purification system employs an 
absorbing agent such as mono-ethanolamine (MEA) 
to remove as much COgas possible from the synthesis 
gas stream as the first step in its purification. 

The compressors, Figure 6, increase the production 
capabilities of the plant. ‘The chemical reaction pro- 
ducing ammonia involves an equilibrium between 
nitrogen and hydrogen raw materials and the am- 
monia product. This equilibrium is displaced toward 
the production of more ammonia by higher pressures 
and by lower temperatures. However, low temperature 
reduces the rate of reaction, thereby requiring a larger 
reactor to achieve the same ammonia production rate. 
The synthesis reactor and the compressor systems 
must therefore be designed together to get the most 
economical combination of compressor pressure and 
reactor size to obtain the required production rate. 
A five-stage compressor plant is usual to achieve the 
5,000-psi pressure needed by the synthesis units. 

The high pressure purification system prevents 


destruction of the synthesis catalyst by removing the 
last traces of CO and CO, from the synthesis gas. A 





TABLE | 
CRITERIA FOR JUSTIFYING MONSANTO’S 
COMPUTER CONTROL SYSTEM 


Maintain maximum gas flow in spite of changing 
weather and process conditions. 

. Maintain an optimum hydrogen-to-nitrogen ratio. 

. Maintain an optimum methane concentration at the 
shift converter exit unless in conflict with 1 or 2. 

. Maintain maximum shift efficiency if not in 
conflict with objectives 1, 2, or 3. 

. Maintain objectives 2, 3, and 4 under reduced 
flow conditions. 

. Reduce raw materials flows immediately and safely 
to compensate for any loss of compression. 

Log out all important process variables. 

. Provide the plant operator with messages in case 
of abnormal process or instrument conditions. 

. Provide failsafe features such that instrument or 
computer malfunctions are detected, alarmed, and 
prevented form affecting the process. 

. Control the fuel and air to the reformer furnace. 

. Maintain a specified steam-to-dry gas ratio at the 
exits of the secondary reformer and the CO converter. 
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copper ammonium formate solution absorbs CO, and 
another absorber using a solution of ammonia in 
water removes the last COs. 

The synthesis reactors are the vessels in which the 
ammonia product is formed. Product ammonia is con- 
densed and separated from the reactor effluent by 
refrigeration. ‘The unreacted gas returns to the re- 
actors for further reaction along with the incoming 
flow. A small vent stream taken from the recycle 
stream prevents the buildup of such inert materials 
as argon and neon. 

The synthesis unit should be operated at its design 
pressure and temperature and fed the correct propor 
tion of hydrogen and nitrogen. The chemical equa- 
tion, above, indicates a ratio of 3 to 1. However, 
pressure and equilibrium considerations alter this 
somewhat and maximum conversion is attained with 
a slightly different ratio. The exact ratio value varies 
from plant to plant and must be experimentally 
determined. 

In practice the feed ratio to the synthesis reactors 
is maintained by regulating the He to Neg ratio at the 
exit of the shift converter. Because of the different 
solubility of the gases in the product ammonia, the 
shift-converter exit ratio may not be exactly 3 to 1. 
It too varies from plant to plant. 


Developing the mathematical model 


The mathematical model of the ammonia process 
stored in the computer provides the basis by which 
the computer oversees plant operation and returns 
the plant to the desired operating conditions should 
its performance deviate from optimum. The com- 
puter controls on-line, in that an operator is not 
required to translate the computer’s findings into 
plant process changes. However, the computer exer- 
cises supervisory rather than dynamic control, since 
process corrections are made by the computer's alter- 
ing setpoints of conventional plant instruments, 
Figure 1, rather than changing valve settings directly. 

The model provides first for taking measurements 
and computing the desired values of major process 
factors in ammonia production, Table II. These de- 
sired values are then used as the basis for calculating 
the setpoints of the plant flow quantities, Table III. 
The model also includes the equations for reformer 
furnace combustion control as well as for a slow modi- 
fication of the model for computing some of the 
process parameters should the original model not 
exactly follow the physical system. The spread, pages 
110-111, details the development of the ammonia 
plant mathematical model. 


Using plant data for process 
characterization 


Most relationships involved in developing the 
mathematical model are empirical and are not derived 
from theoretical considerations. Thus the procure- 
ment of accurate plant data occupied a significant 
part of the work expended during the study. Regular 
plant log sheets were used wherever possible, par- 


ticularly in developing those factors that reflect the 
seasonal variations of the plant’s operation and de- 
pendence on ambient temperature conditions. Some- 
times special plant runs were made to obtain sufh- 
cient data for a particular correlation ; 

Certain control constants were determined by trial 
and error adjustments after the computer was 1n- 
stalled and operating. Actual forms of the control 
equations themselves were altered under operating 
conditions when plant results showed the desirability 
or necessity for such action. 

The actual computer model used is therefore one 
which has been tailored to the Barton plant ammonia 
unit and as such is uniquely capable of controlling 
that unit. It will be in a state of evolutionary devel- 
opment as finer adjustments are made both to the 
process and to the control constants. 


Revising plant instrumentation 


Deriving the mathematical model for control of the 
ammonia process at Luling clearly indicated those 
variables which had to be measured. While in most 
cases it was possible to measure these variables di- 
rectly, for measuring mass flow it was necessary to 
install pressure transducers and thermocouples up- 
stream of the volume-flow primary elements. For each 
mass flow required, corresponding pressure, tempera- 
ture, and orifice differential pressure measurements 
were sent to the computer. The digital computer, 
using standard correction formulas, calculated the 
mass flow from these inputs. 

Process gas chromatographs were installed to ana- 
lyze streams for the desired components. At the 
plant’s reform section one gas chromatograph is 
shared between two points. The chromatograph 





TABLE II 
BASIC MEASURED AND COMPUTED VARIABLES IN 
REACTION OR SYNTHESIS SECTION OF AN AMMONIA PLANT 


Desired synthesis gas feed rate 
Hydrogen-to-nitrogen ratio at synthesis reactors 
Hydrogen-to-nitrogen ratio at CO converters 
Fuel gas composition at CO converters 
Secondary reformer temperature 





TABLE III 
SEVEN PRIMARY FLOW VARIABLES IN THE GAS 
PREPARATION SECTION OF AN AMMONIA PLANT 


Reaction gas flow to primary reformer 

Air flow to secondary reformer 

Flue gas flow to secondary air blower 

High pressure steam flow to primary reformer 
Low pressure steam flow to CO converters 
Fuel gas flow to primary reformer furnace 
Fuel-to-air ratio of primary reformer furnace. 





CONTROL ENGINEERING 





switches between the two streams automatically and 
retains the data from the previous analysis until the 
computer is ready to use the information. The com- 
puter program initiates a request for stream analysis 
as required by the computation cycle of the process 
control equations. Another gas chromatograph, in 
stalled in the synthesis area, operates in a similar 
Inanner, 

An oxygen analyzer controls primary reformer com- 
bustion efficiency by measuring the oxygen content of 
the flue gases leaving the reformer furnace. The 
computer reads data from cach stream as required 
and calculates the proper ratio of fuel gas to combus- 
tion air. The computer then sets the control point 
of a ratio controller and switches the analyzer to the 
other stream. 

Operating under three different modes of control, 
the two chromatographs and the oxygen analyzer: 

> cycle between measured gas streams under com- 
puter control, 

> cycle by themselves when not under computer 
control and indicate the analysis to the plant operator, 

P analyze composition of any selected gas stream 
on a continuous basis. 

Since the Barton plant was built prior to the advent 
of electronic control systems, the existing pneumatic 
control equipment had to be made compatible with 
the computer system. Those variables expressed as 
3 to 15-psi pneumatic signals were converted to com- 
patible electrical signals. Likewise, computer outputs 
have been converted to 3 to 15-psi signals for chang- 
ing the setpoints of controllers. 

Those existing controllers to receive computer set- 
points were converted from having local position set- 
points to having remote pneumatic setpoints. The 
modification was done in stages. Since plans called 
for adding four new control loops to the process, four 
new controllers with remote pneumatic setpoints were 
purchased. Four existing controllers were removed 
from operation and the new ones substituted. Then 
the old ones were modified to become remote pneu- 
matic setpoint controllers, and these in turn replaced 
other controllers to be converted. This procedure con- 
tinued until all controllers to be connected to com 
puter outputs had remote pneumatic setpoints. 

In addition to preparing the controllers for pneu- 
matic setpoints, it was necessary to install subpanels 
below cach controller to receive a computer output, 
igure 7. This was done to provide a station where 
three general modes of control: computer, automatic, 
and manual of each variable could take place. Under 
computer control the pneumatic setpoints from the 
computer feed through the subpanel directly to the 
controller. Under automatic control the operator seals 
off the computer signal and establishes the required 
setpoint of the controller locally. Under manual con- 
trol the operator manipulates the valves directly from 
the subpanel. 

The subpanels also contain mercury switches which 
signal the mode of control to the computer. These 

This text continued on page 112) 
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FIG. 17. Newly installed subpanels below 
recording controllers aid communication 
between computer output and controller setpoint 
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Characterizing MONSANTO’S Computer Controlled Ammonia Process 


The Luling ammonia process mathe- 
matical model is tailored specifically 
for that plant. It is based on the re- 
sults of extensive operating and special 
plant records, the data from which 
was reduced by regression analysis to 
develop the computer programs com- 
prising the main-process control equa- 
tions and the reformer furnace com- 
bustion control equations. 

Figure 9 provides the over-all out- 
line of computer control of the am- 
monia process. This figure, supple- 
mented by the symbols, Table IV, 
proves useful in interpreting the equa- 
tions characterizing the computer con- 
trol scheme. 


Main-process control equations 


While there may be a tendency to 
overdesign some plant equipment, an 
engine-compressor system is usually 
conservatively sized because it repre- 
sents a major fraction of the capital 
cost of an ammonia plant. The en- 
gine-compressor system is thus likely 
to be one of the first units to bottle- 
neck the plant as production increases. 
At Luling the highest possible pro- 
duction rate and therefore the maxi- 
mum economic return is obtained by 
operating the compressor system at 
maximum possible capacity. Due to 
the very definite influence of ambient 
conditions, particularly temperature, 
on internal combustion engine-com- 
pressor efficiencies, the allowable 


{o}° 





horsepower to be expended by the 
compressor follows a curve similar to 
that of Figure 10. 

Total horsepower is regulated by ad- 
justing the gas flow to the synthesis 
reactors. One of the computer’s tasks, 
then, is to calculate the allowable flow 
of synthesis gas for the horsepower 
available and then regulate flow at 
this value. (Total required flows less 
than the maximum allowable can be 
handled in a similar manner if de- 
sired.) Allowable flow Os is com- 
puted by an empirical equation spe- 
cific to each type of compressor: 

Qs ap = f(m, hp, X, T1, Ps, P1) 

The limiting Qs ,, is then compared 
with the corresponding desired produc- 
tion gas flow rate Oz« and the smaller 
of these chosen as the QO, for plant 
control. When the new calculated 
Qs differs from the Qs currently ex- 
isting in the plant, the plant QO, con- 
trol must be altered to bring the plant 
in line. Due to plant inertia a limit 
exists on the rate at which gas flow 
change can be accomplished. The 
computer calls for change in flow rate 
from the smaller of two choices: If 
the magnitude of the called-for change 
is relatively small, the computer makes 
step-change corrections according to: 


Qs new = Qs old + (Qs new ~~ Qs ola) 
However, if the change is relatively 


large, the computer limits the rate of 
change by employing the equation: 


Qs new = Qs ota + mh, 
where the sign of mk, is the same as 
the sign of (Os new — Qs ou), and k, 
is some limiting rate of compressor 
volume change. ‘The factor m, the 
number of compressors on line, allows 
the computer to automatically account 
for compressor failure or the availabil- 
ity of additional compressor capacity. 

Since the carbon dioxide is removed 
from the synthesis gas stream after the 
converter, the total gas flow will be 
somewhat different at the shift con- 
verter. The H, to N, ratio in the gas 
from the shift converter is symbolized 
as por. The H, to N, ratio at the syn- 
thesis unit, used as the composition 
ratio, iS per. 

The method established for correct- 
ing the ye to counteract upsets in the 
synthesis converters is: 
koa = wc ota + kes{[3.1 + 

t4(2.6 — usr)] — ucr} 
The actual values of k, and k, depend 
on process dynamics. 

Figure 11 presents a correlation, 
curve 1, of unreacted feed gas con- 
tent in the converter effluent versus 
the reaction temperature in the sec- 
ondary reformer. ‘This curve is lin- 
earized, curve 2. The experimentally 
determined slope of curve 2, Br, cor- 
rects the stored value of the slope: 


Boa + ksBr 
ks + l 
Knowing B,, the natural gas content 


Ba = 
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Limiting horsepower 


due to ambient 
temperature 





Z_ Limiting horsepower 
due to engine design 


Allowable horsepower 


= 





FIG. 10. 

Effect of temperature 
on allowable _horse- 
pow er 


FIG. 11. 

Relationship of secondary 
reformer temperature 
and feed gas conversion 
efficiency. 


Unreocted feed gas composition, Gc 





Ambient temperature 


[Ge] is calculated, thus freeing the 
computer from dependence on analyti- 
cal instruments: 
(Gcla = Ba(Tro — Tp) 
and similarly, the desired secondary 
converter temperature becomes: 
Tra = Tr ota — ko(kx — [Gc]a) 


Desired carbon dioxide to total 
carbon ratio after conversion 


The actual carbon dioxide to total 
carbon ratio Ce, corrects the desired 
ratio as follows: 


Cy ld T kioCe 
kyo + 1 


With the computed desired values 
listed above now available, the com- 
puter is ready to make the necessary 
calculations to obtain the optimum 
flow rates of feed gas G,, steam Sp, 
air Ap, and flue gas Fz. 

A set of three algebraic equations 
solved simultaneously by the com- 
puter gives the correct values for Ge, 
F,, and A, to attain the desired max- 
imum production. The equations are: 

e Total flow equation— 

(3n + 1)Gr + 0.372AR 4 

[ 0.372R + (3n + 


(n + 1) 
[ R- “> 


® Converter H; to N. ratio— 
[(2n + 1) + nB]Gr — (0.42 + 0.78uc) Ar 
‘1.20R — (3n + 1) 
ee (n+1) r=0 


9» 


“~ 


e Secondary reformer heat balance 
equation— 


(2n + 1) 


Gr old 


0.9157 4—5,736)Ar + (0.975Z, —0.915T 4 
— 683)Fr = 0 


S ° " = 
4p ae * |G + (0.79Z,— 


where: 
Z1 = (Tra —_ 1.05Z:T pr a 11,642Z2Z;) 


1 - 
2: = => : exp (10-°Gz — 6.70) 


| 


————— 


and Ap =Arc 








(2n + 1)Gr + Sr 
Qr(l + 2nZ pz) 
and q can be arbitrarily taken as 0.59. 
Steam flow to primary reformer 
equation 
By an empirical relationship, the 
required steam flow to the primary 
reformer can now be calculated: 
(Sr/Gr) = 0.42K,(Ar/Gr) — 0.363(A p/ 
Gr) + 5.77K,—0.4(K2K,) —0.21K2+1.30 
where 
Ki = (Wr/Qpr) desired, and K; is the re- 
ciprocal of the equilibrium constant of 
the water-gas-shift reaction at 7'c. 
© Steam to shift converter— 
Meanwhile, S, is calculated by: 
Se=We—-Srt+(1+Cc)nGp—0.419A 
> (n +1) Fr_ 


(n + 1) 
(e + - =) ) 


Here: Gp = Ge 4 a 17 
nT 
r+ +) 


- 


RF p 
(n + 1) 
2 
Furnace combustion control 
equations 


Z: = 


R- 


With all reactant stream flow rates 
calculated and ready to be used to 
reset the setpoints of flow controllers, 
only one more relationship remains 
to be calculated—the reformer fur- 
nace fuel and air control point. The 
fuel flow is: 

Gr = kyo + kuSe + 2.656 rT er 
—_ Ki(Sper + 2.65G r)Sr 2.65G Rr 

The desired fuel-to-air gas ratio is: 
PR, = _2:085_— 1.08[0r]4 
“4 ~~ 0.2095 — [Orla 
where 

[Orle = 0.192 — 2.03 X 10~Gp 

— kys| Orlora + Kul Orla 
These empirical relations allow the 
most efficient combustion possible and 
adjust the total fuel flow to provide 
the desired operation of the primary 
reformer. 





Actual relations 
for the converter 


Linearized form 
for computer use 
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z Thos, 
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TABLE IV 
SYMBOLS EMPLOYED IN 
DEVELOPING MATHEMATICAL MODEL 


Total air flow; its subscript indicates 
location 

Slope of unreacted gas vs reformer 
temperature curve 

Carbon dioxide to carbon monoxide 
ratio; as subscript, indicates shift (or 
CO) converter 

Carbon dioxide flow 

Efficiency of conversion of feed gas to 
hydrogen 

Flue gas flow to reformer; as sub- 
script, indicates reformer furnace 
Natural gas flow 

Hydrogen gas flow from converter 

As subscript, indicates inlet of com- 
pressors 

Desired water content of reformer gas 
or reaction equilibrium constant 
Carbon monoxide flow 

Nitrogen gas flow 

Oxygen 

Pressure 

Total gas flow 

Fuel-to-air ratio in reformer furnace; 
as first subscript, refers to reformer; 
as second subscript, refers to measured 
value of variable 

Steam flow; as subscript, refers to syn- 
thesis unit 

Temperature; as subscript, total 
amount 

Water flow 

Fraction of reaction gas actually sent 
to synthesis 

Empirical factors in simultaneous 
equations for flows in process 

As subscript, desired value 

Arbitrary constants 

Number of compressors on line 
Number of carbon atoms in the 
formula C,H»42. For hydrocarbon fuel 
gases n & 1.05 

Ratio of steam to dry gas at exit of 
primary reformer 

As subscript, refers to low pressure 
purification unit 

As subscript, refers to high pressure 
purification unit 
Horsepower 

Indicates composition 
around any symbol 
Ratio of H, to Nz 


when used 
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one-bit inputs from the subpanels are programmed 
so that portions of the process control calculation will 
not be made unless the proper variables are connected 
to the computer via the computer or automatic 
mode. Thus in manual operation the computer 
acts only as a data logger. 

The input-output equipment to the computer sys 
tem is housed in three cabinets, Figure 8. The input 
equipment, center cabinet, contains transducers 
which convert the existing 3 to 15-psi signals to dc 
signals compatible with the analog to digital con- 
verter in the computer. (For the four new pressure 
and flow instruments, process variable to direct cur- 
rent transducers are used.) The center cabinet also 
contains a junction box for all high level pneumatic 
analog inputs. All temperature measurements re- 
quired by the computer enter the system through this 
cabinet but are then connected into the thermo- 
couple input section in the upper right cabinet. 

The output equipment, left cabinet, contains the 
transducers for converting the computed electrical 
analog signals from the computer to 3 to 15-psi set- 
points for the pneumatic controller. This cabinet also 
contains emergency cutoff and interlock equipment 
to seal the pneumatic outputs at their last valid value 
should the computer system fail. Both the input and 
output cabinets contain built-in calibration stations 
for checking transducers and simulating variable 
values for test work. 

A group of alarms tells the operator quickly where 
failures occur in the system and directs his attention 
to their correction. To accomplish this, different types 
of audible alarms are placed in or near the affected 
equipment. As examples, existing process troubles 
sound a horn behind the main instrument panel, a 
bell installed in the input-output equipment indicates 
alarm condition in this area, and a buzzer in the 
computer operator's control console warns of alarm 
conditions in the computer or its program. Wherever 
possible such alarms are backed up with interlocks or 
emergency procedures. In the case of program-failure 
alarms, the last valid readings or predetermined values 
are used by the computer in its calculations. 


installing the computer system 


Not enough can be said for using care and exten- 
sive planning when installing such a complex com- 
puter control system. Some basic ground rules were 
established by the Monsanto-TRWP project team. 
The installation had to be neat and orderly, and with 
this in mind, the decision was made to use cabling 
wherever possible. The cabling now runs in adequate 
conduits, sized for ease of installation and possible 
system expansion. In the control room, conduits are 
located in the floor; the wires then pass upward to 
allow easy access to the bottom of the equipments. 

All analog inputs pass through the computer sys- 
tem pneumatic input panel, providing a convenient 
place to check and simulate each analog input. In the 
computer system output panel, all electrical outputs 
connect to a terminal strip where checks and simula- 


tions are made to prove the system. 

All electrical one-bit inputs to the system terminate 
in the oxygen analyzer control cabinet located in a 
motor control room adjacent to the main process 
control room. From this point the digital input wires 
are cabled through the conduit to the computing 
equipment, again providing a convenient location for 
checking and simulating. 

In many cases ac pickup from other electrical 
equipment occurred on the de signals to the com- 
puter’s analog to digital converter. While it is difficult 
to predict the magnitude of such pickup until the 
installation nears completion, correction of pickup is 
quite simple and is no real problem in installation. 
Wherever pickup occurred on a signal line, an RC 
filter network was inserted. 

Besides a separate power supply for the process 
analyzers and the computer and its associated equip- 
ment, a constant voltage transformer and an electro- 
statically shielded transformer are installed on the 
power line to the computer; the latter transformer 
rejects transients caused by other electrical units. 

Since the computer inputs are direct currents 
(which appear across precision resistors for voltage 
measurement) and voltages, a true signal ground is 
mandatory for the system to be free of ground loop 
problems. A separate ground bed was installed, and 
from this bed an adequate metallic ground connec- 
tion to each piece of equipment prevents such errors. 

The actual installation of the computer, computer 
operator's control console, and computer analog in- 
put-output panel took only a few days. Prior to this, 
adjustment and calibration of field-mounted equip- 
ment had been completed, Figure 12. The first day 


FIG. 12. Calibrating and adjusting 
field mounted control devices. 





after the computer arrived the equipment and most 
of the cables interconnecting the equipment were 
installed. Quick disconnect devices on most cables 
simplified new equipment interconnection, although 
some time was consumed making connections be- 
tween the computer and existing control equipment. 

Each input and output to the computer was 
checked for compatibility. Such things as voltage, 
current range, and polarity had to be checked with 
the system installation completed—a slow, time con- 
suming, but necessary operation. 


Operating tests of computer programs 


TRWP first loaded test programs—the same ones 
used in computer checkout prior to shipment—into 
the computer to test all functions within the ma- 
chine. Knowing the results of these tests beforehand, 
TRWP could determine transportation effects. 

The next step was to load the computer with dif- 
ferent sections of the prepared program—one at a 
time. Each section of the program was cycled and 
checked. The first objective was to get the data log- 
ging system in operation. While the data used in 
developing the mathematical model had already been 
obtained from operating records prior to an expansion 
program (which was completed before the computer 
went on stream), it was necessary to obtain accurate, 
reliable data from the logging system to further verify 
the mathematical model and make required minor 
changes before going on control. 

Along with the data logging system, instrument 
scanning and alarm programs were started. These 
programs, designed to test each piece of input data 
prior to usage in the process control program, were 
based on predetermined limits of validity established 
from process and operating data. 

After loading the complete program into the ma- 
chine, the outputs were turned on and allowed to go 
as far as the instrument subpanels. Each subpanel 
indicates both the computed output and the set- 
point of the associated controller, making it possible 
to track the computed output by having the operator 
line up the two indicator points. 


Putting the computer on stream 


Basically there are two control programs. The main 
process control program adjusts the flow of raw mate- 
rials to the process. The combustion control program 
adjusts the ratio of combustion air to fuel for the 
primary reformer. These two programs are interre- 
lated because the required heat input to the reformer 
is determined from process flow conditions. Initially, 
tracking the ratio setting of the combustion control 
system was tested with the operator controlling heat 
input to the furnace. After tracking the computer 
outputs for several hours, Figure 13, the engineers 
became confident of the combustion control program 
and the hardware associated with this portion of the 
computer control system. Finally, the computer out- 
puts were connected through the subpanels directly 
to the controllers. 
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FIG. 13. Monsanto engineers Eisenhardt, Legendre, and 
Thurman watch results of computer program tryouts. 


The same general procedure was used in placing 
the main-process computer outputs on control. The 
less important variables were picked first, tracked for 
several hours, and then placed on computer control. 

The tracking operation provided an opportunity to 
observe the reaction of the control system. Changes 
in control equation constants were made from time 
to time to insure plant stability when all outputs 
were placed on computer control. 

With this step-by-step procedure of tracking and 
adjusting accomplished, the complete computer con- 
trol went on-line for a five-day test period. During this 
period system operation was observed, after which the 
computer was taken off control to make additional 
adjustments in the control program. Some program 
changes simplified computer functions. Since this 
initial test period the computer control system has 
been on line, serving both as a production-process 
control system and as a controlled-process tester. 


What Monsanto gained from computer 
control 


Immediately after placing the computer on control, 
the gains in controllability became evident. When 
the process is not on computer control the operator 
makes minor changes in controller setpoints—trying 
to hold process temperatures within limits and main- 
tain gas composition as required by the synthesis loop. 
Superimposed on top of these minor changes are 
larger step changes in throughput which are required 
to compensate for those uncontrolled variables affect- 
ing plant capacity. At best, these larger changes are 
made only several times a shift. Under computer 
control, however, plant throughput is adjusted every 
8 min to obtain maximum possible production as un- 
controlled variables change. Qualitatively one can ob- 
serve from the computer log sheet the steadying of 
gas compositions and temperatures under computer 
control—as compared with the irregular control ob 
tained by even the best operator. 

Another indication of gain in controllability—quan- 





titative in nature—has been observed: a regression 
analysis of plant production data vs uncontrolled 
variables data indicates a standard error from best 
possible production of plus or minus 1] percent while 
under computer control. Standard errors in excess of 
5 percent occur under operator control. 

As of this time the plant has not been on computer 
control long enough to make an accurate evaluation 
of increased production. As previously pointed out, 
the ammonia process is affected quite radically by 
seasonal as well as daily atmospheric changes. Because 
of this a complete evaluation will be made after one 
year’s operation. There are indications, however, that 
the Luling installation is equalling or bettering eco- 
nomic as well as technical expectations. 

One unestimated economic gain will come from a 
better understanding of the process. This is possible 
because it is felt that with a computer control system, 
an era of controlled testing is being entered in addi 
tion to increased plant production capabilities. The 
derivation of the mathematical model has already 
indicated several areas for operations improvement. 
By the same token, expected improvement of the 
mathematical model as more plant data is obtained 
will no doubt indicate other poteniial benefits. 


What Monsanto plans next 


In the area of controlled testing of the Luling in- 
stallation, Monsanto plans to investigate such things 
as varying the composition of the gas to the syn- 
thesis reactor since little is now known as to what the 
best inlet composition is for a given catalyst operat- 
ing at a given temperature and pressure. Another 
possible test would determine the correct economic 
value of methane leaving the reforming area. Such a 
test is now possible because controllability using the 
computer has improved to the stage where the effect 
of small changes in controlled variables can be ob 
served on such trace-component items as methane. 

Finally, it is important to remember that the com- 
puter does not handle the dynamics of each control 
loop but exercises control over the entire plant by 
setting the control point of each controller. The key 
to further payout lies in the ability to refine and 
increase the usefulness of the mathematical descrip- 
tion—perhaps by including process dynamics in the 
computer-stored process model. 


Computer systems team and its training 


The design and installation of a process control 
computer system requires the talents of many spe- 
cialists, Table V. Since a complete understanding of 
the ammonia process is of first importance, a plant 
process engineer acquainted other team engineers 
with the process basics. Also, since individual control 
loops were to retain physical control of the process, 
the team included a process control engineer from 
Monsanto’s Inorganic Division Engineering Dept. 
Plans called for the new equipment to be installed 
while the plant was in operation. Therefore, a plant 
construction engineer—experienced in instrumenta- 





TABLE V 
TEAM MEMBERS OF THE 
MONSANTO-TRWP COMPUTER PROJECT 


@ Monsanto Chemical Co.: 
Inorganic Chemicals Div.—Engineering 
W. Du Puy Process Engineer 
R. D. Eisenhardt, Jr. | Project Engineer 
C. L. Parish Assistant Director 


Inorganic Chemicals Div.—Luling Plant 
F. W. Lange Plant Supervisor 
G. S. Legendre Process Engineer 
C. Ohms Process Engineer 
C. H. Thurman Construction Engineer 
T. A. Williams Plant Supervisor 


Research and Engineering Div.—Engineering 

R. E. Lenz Assistant Director 

G. E. Russell Systems Engineering Manager 
M. Welhoelter Technologist 

T. J. Williams Engineering Supervisor 


Thompson-Ramo-Wooldridge Products Co.:* 

R. P. Adams Project Engineer 

E. Borgers Chief Computer Programmer 
D. L. Fellows Computer Programmer 

R. C. Johnson Process Study Engineer 

C. G. Laspe Process Study Engineer 

J. L. McLaughlin Process Study Engineer 





*Now TRW Computers Co. 


tion, electrical systems, and the ammonia plant—was 
assigned to supervise this phase. The project engineer, 
moreover, had to be familiar with all three phases and 
have broad understanding of digital computer and 
systems engineering techniques. 

Once the computer was purchased, the next step 
was to train the Monsanto team members in the 
details of the particular computer system to be used, 
RW-300 digital computer. At first all Monsanto en- 
gineers received identical training, but as the project 
progressed the training for each member became 
more specialized. The project engineer learned about 
the general application of the computing equipment 
to the process. He had to consider such things as 
functions to be performed by the plant operator, the 
design and compatibility of the peripheral equipment 
not supplied by the computer maker, and the over-all 
project requirements and goals. The process engineer 
concerned himself with initial, detailed computer pro- 
gramming. Furthermore, once the system was in- 
stalled and working, he would be required to make 
the necessary program changes as additional operating 
information became available to improve the mathe- 
matical model. Computer programming is an im- 
portant and continuing function. Therefore the con- 
struction engineer, who would also be responsible for 
computer maintenance for which programming 
knowledge is needed, was selected for training as the 
backup programmer. As part of the training program, 
TRWP provided four to six-week courses in pro- 
gramming and in the theory of computer operation. 
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Don’t overlook 
POSITIVE feedback 


THE GIST: If requirements for simplicity, small volume, light weight, and 
low power consumption dog your engineering of control function circuits, 
this reexamination of positive feedback can help you. Use of transistors 
in practical circuits presented by the author offers the additional advan- 
tages of low output impedance, minimum number of amplification stages, 
and elimination of de coupling from output to input. 

“But positive feedback systems are more apt to oscillate,” you say—not 
if you study the author's theory and follow his translation to practice. 


WILLIAM SCHARF 
Aeronautical Division 
Minneapolis-Honeywell Regulator Co. 


When doesn’t the stability analysis of control sys- 
tems indicate the need ef dynamic compensation in 
order to achieve required over-all system frequency 
response and gain and phase margins? Hardly ever. 
How often is the control system designer able to 
fix the compensation parameters at the beginning of 
a control system design problem? Seldom, if ever. 
Initially the form of dynamic compensation is se- 
lected, but numerical values of the compensation 
scheme remain fluid until more detailed dynamic 
information is obtained. In the development of 
an automatic flight control system, for instance, the 
fluidity extends through flight test. Clearly, a flex- 
ible compensation scheme is necessary. Either active 
or passive compensation will work. If passive, the 
system designer pays the price of additional amplifi- 
cation for the inherent attenuation. If the initial 
analysis calls for second-order underdamped compen- 
sation, only with an active circuit will resistors and 
capacitors meet the requirement. 

Active compensation fills the bill when great flex- 
ibility, lack of attenuation, and limitation to non- 
inductive elements are required. An active filter 
using positive feedback realizes, in addition, the nec- 
essary low-frequency open-loop gain of lead/lag 
compensation. A stable low gain transistorized dif- 
ferential amplifier is the active building block around 
which the variety of active networks may be built. 


Lead/Lag function 


If the required lead/lag ratio is 2/1 or less, and 
if the available signal level can be attenuated, a pas- 
sive network is quite adequate. Or, if a phase-sensi- 
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tive signal is desired, negative feedback generation 
of lead/lag in an active circuit is all right. Otherwise, 
positive feedback generation should get serious con- 
sideration. 

Figure 1A shows block diagrams of negative and 
positive feedback arrangements for active generation 
of a lead/lag control function. A lag in the negative 
feedback path generates a closed-loop lead action. 
A derivative network in the positive feedback path 
produces the same closed-loop action. Amplitude- 
frequency plots, Figure 1B, of Equations 1 and 2 
in the figure demonstrate the inherent advantages of 
the positive feedback arrangement: 

* Realization of unattenuated forward loop gain at 
low frequencies 

¢ High frequency (at 180 deg phase shift) gain de- 
pendence on the lead/lag ratio 

In the negative feedback arrangement the lead/lag 
ratio attenuates the forward loop gain at low fre- 
quencies. In fact, the greater the lead/lag ratio, 
the lower the low-frequency gain. Open loop gain 
of the amplifier is realized at only high frequency, 
a performance similar to that of a passive RC lead/ 
lag network. The big disadvantage of the negative 
feedback circuit is that the open loop gain must be 
at least 20 times the closed loop gain, to attain 5 
percent accuracy. Because of the high gain the de- 
sign must incorporate networks that will prevent both 
low and high frequency oscillations, which somewhat 
defeats the negative feedback technique. 

Figure 2A shows a transistorized positive feedback 
circuit that generates the lead/lag function. The in- 
phase signal passes through a derivative network and 





is algebraically summed with the input signal, «. 
If a push-pull collector stage is required, the optional 
stage shown is added to eliminate loading. Should the 
optional stage be used as an amplifier, i. e., with com- 
mon emitter configuration, the input to the stage is 
taken from the collector of the summing transistor. 
Because the transistor time constant is negligible 
below 100 kc, its effect is omitted. Equations de- 
scribing the circuit shown in Figure 2A are: 

Sate [2% + R2) + om | Ri 3) 


Ry +R, +R Ri + Ri 


THEORY 


— bho 
R; ‘ 


Combining 3 and 4, 


Ry + Re R, 


-" Brt+h+h Kf « + Re+R, 7! 


a = current transfer ratio 
Qa 


where 
8 = 

; l—ea 

R; = transistor input resistance 

R,(R; + R:) 


Rea = Ry + Ra + Re 


FIG. 1. A—Block diagrams of active lead/lag tune- 
tion generation by positive and negative feedback. 
B—Comparison of frequency responses for lead/lag 
ratios of 10/1 (solid curves) and 5/1 (dashed 
curves). 
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PRACTICE FIG. 2. A—Transistorized positive feedback circuit 


for lead/lag function. B— Actual vs theoretical fre- 
quency performance. 
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| aN , = . . 
K, = Ri + Ra’ amplifier gain, including source resis- 


tance effect. 
Solving for e; in terms of e,, 


7Kos — 
(rs +1) ° 


Gg = 


where K, = R a and +r=(R:+R8,)C 
2 ° 


Combining 5 and 6, 


R, +R 
~ “hear 


¢ KiK3R " 
: : be 2 24be 
ok RB +R + | +1 


Equation 7 demonstrates that the lead/lag ratio is 
a function of the coefficient of the s term in the 
denominator. Typically K, = 5 and (R; + Re)/ 
R, = 1. Substitution of these values, division by 
the coefficient of + s, and rearrangement to indicate 
the proportional and rate terms yields: 

Co J 2.5Kors 
<_< 2of + [3 — 2.5K;) +1 | 

Equation 8 contains an important warning; in- 
stability occurs when Ky equals or exceeds 0.4. It also 
shows that variation of the numerator break fre- 
quency depends on + and that the lead/lag ratio 
depends on Ky. A practical means of varying Kz 
and thus the lead/lag ratio is to use a potentiometer 
for Re. The potentiometer also serves in adjust- 
ment for variation of commercial transistors. Capac- 
itance C varies time constant r. Figure 2B compares 
the actual frequency response with the theoretical 
response for a lead/lag ratio of 20/1. 

Application of this network in a flight control 
system offers the possibility of eliminating rate gyros 
for the augmentation of aerodynamic damping, be- 
cause the network can generate a rate signal from 
the attitude gyro signal. The break frequencies of 
Figure 2B indicate that the network can readily 
approach or exceed the response of the rate gyro 
that it replaces. Hence the lead/lag network satis- 
fies system dynamic performance requirements, reduc- 
ing the problem to elimination of amplifier saturation 
by noise. If additional noise filtering is required, a 
lag at three to five times the lag break frequency (5 
to 25 cps) may be added. A control system using 
this technique materially reduces weight, volume, 
and cost. 


Stability 


Equation 7 shows that the circuit can oscillate if 

" R 
oe es 
Rp +R +R. = 
The second and third terms are resistance ratios. 
Because the resistors are 1 percent tolerance com- 
ponents and because their temperature coefficients 
are identical, the two terms contribute less than ] 
percent variation in gain. Variation in the first term, 
amplifier gain K;, is minimized by an external emitter 


(8) 


i. 


resistor, which creates negative current feedback as 

does the cathode resistor in a tube circuit. Rewriting 
the expression for Ky, 

feiss gC 

‘ . ee + Re 

Re +rot+ a = a 


ea a ee 
(Re +r)(1 —a@) +re+ Re 
where r, = transistor base resistance = 250 to 350 ohms 


r, = transistor emitter resistance = 10 ohms at 2.5 ma 
Rez = external emitter resistance. 


Small variations in a cause large variations in 
(1 — a). In junction transistors a is typically be- 


tween 0.9 and 0.99. Therefore, to stabilize the gain 
of a common emitter configuration, 
Re > (Re + 17) (1 — a); effect of r, is neglibible. 
In the limit K, becomes — R,/Rg fa, + Aa}, indi- 
cating that variation in a is the chief effect on gain 
variation if the external resistors are precision com- 
ponents, If, for instance, Texas Instruments silicon 
transistors are used: 
0.9 Sa 50.95 (2N332) 
0.95 Sa 50.98 (2N333) 
The 2N332 would result in a plus or minus 3 per- 
cent gain variation and the 2N333 a plus or minus 
1.5 percent gain variation. Rg might be 10 times 
(Reg +1») (1 — ao), in which case the over-all gain 
variation with a 2N333 would be 5.5 percent. 


More for the asking 


Analysis of the compensation for space vehicles 
indicates the need of the transfer function of the 
form shown in Equation 9 to compensate for struc- 
tural bending modes. 


Co 8? + 2hiwns + wp? 


= (9) 
ei s? + 2f2wns + wp? 


The damping ratios, ¢; and f2, are both less than 
unity. A typical ratio of {:/f2 is 1/5. Required is 
a notch filter with unity gain at low and high fre- 
quencies and maximum attenuation when the driving 
frequency coincides with the natural frequency of 
bending. Only an RLC network will generate 
this function in a passive circuit. The dimensions 
of the RLC components will be large because of 
the low natural frequency of the system. An active 
negative feedback arrangement may be used, but be- 
cause it will require an integrator in its feedback 
loop, it will be more complex than an active positive 
feedback arrangement. 

The author has designed and proven positive feed- 
back underdamped second order compensation. The 
amplifier is identical to that used in the lead/lag 
function generator. He has modified only the feed- 
back filter. To receive complimentary copies of the 
author's notes on the theory and practice of his 
scheme, write to: The Editor, Contrrot Enc1 
NEERING. 
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Using Electric Adding Machines 
as Cheap ADP System Components 


elec- 
tromechanical input-output devices to 
common electric adding machines can 
turn them into very useful components 
for automatic data processing when 
operation times measured in seconds 
are fast enough. Effective automatic 
computers can be made for costs in 
the neighborhood of $1,000, for ex- 
ample, by coupling such equipment 
with a paper tape punch and reader 
for data storage. This article gives 
five applications in which electric ad- 
ding machines can do all the calculat- 
ing automatically at costs far below 
those for electronic systems. 


Adding relatively inexpensive 


J. F. SHARP 
Bulmer’s (Calculators) Ltd., London 


Modern digital printing calculators like those in Fig- 
ure | all possess mechanisms which do simple arith- 
metic. T'wo separate quantities can be totalized by 
dividing a machine’s mechanical register in two. Al- 
ternatively, one register can be used to record code 
numbers and the other to do the calculating, thus pro- 
ducing control totals for verification of results. 

The addition of electric input-output devices to 
mechanical calculators opens up new possibilities of 
using them as cheap, simple automatic data processing 
system components, such as converters and stores. An 
“add-on” unit of 16 electromagnets with armatures on 
knife edge bearings is all that is required for electrical 
input. Each key normally available to the manual 
operator is then solenoid operated. A feedback contact 
is added to make each time a digit solenoid is energized 
and break when the solenoid is released. Another 
—the print contact—is coupled to the printing mech- 
anism to close when a function solenoid is energized 
and remain closed until printing is completed. Other 
solenoids can be added to permit information to accu- 
mulate in the registers without print-out. Remotely 
controlled multiplication is possible by using a keyboard 
nonclear solenoid which allows numbers to be held in 
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FIG. 1. Electric 
input-output adding 
nachines 


FIG. 2. Typical electrical 


output unit attached to mechanical 


calculator. Positioning of the 
oding wipers by the type bars 
generates the electrical output 


the keyboard and printed and recorded repeatedly, de- 
pendent on the number of times the plus or minus 
solenoid is energized. On two-register machines extra 
solenoids can give a choice of the register into which 
entries are made. 

Figure 2 shows a typical electrical output unit at- 
tached to a mechanical calculator. Contacting wiper 
bars, actuated from the type bar mechanism, moving 
across a number of output bars, provide a digitized elec- 
trical output. The start of the printing cycle operates 
a lever to lift the coding wipers away from the output 
bars. As they release, the previous output is canceled 
and the wipers return under spring pressure to their 
zero rest position against the actuating level rollers 
on the type bars. Raising the type bars positions the 
wipers with respect to the output matrix, and the actual 
printing operation depresses the contact onto the 
matrix to lock them in their coded position, while the 
type bar themselves return to their rest position. After 
locking of the contacts, an impulse from a miniature 
switch on the adding machine motor shaft initiates the 
associated reading mechanism. Thus the machine pro- 
vides two mechanical stores, one holding the present 


electrical output and the other holding the next. 





FIVE WAYS OF USING ELECTRIC ADDING MACHINES FOR ADP 
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Output to adding machine with electrical input 


FIG. 3. First step on receiving a binary 100000000000 signal as 
shown is the stopping of stepping switch 1 on position 2. This 
starts stepping switch 2, sequentially reading into the adding 
machine the location values of the four wipers of stepping switch 1. 
Wiper 3 feeds in a two, wiper 4 a zero, wiper 5 a four, and wiper 
6 an eight. As the machine decimal shifts after each input, the 
print out figure is the decimal equivalent 2,048. 


2. Arithmetic unit for random access 


A random access store with access times of less 
than 2 sec can be had by using the mechanical reg- 
isters in the adding machine as arithmetic units and 
coupling the adding machine to a drum memory. 

Figure + shows a typical system, in which a four 
digit nonadd code number is entered into the adding 
machine to form the address of a particular store 
on the drum. Circuits provide an immediate read- 
out of the contents of that store (either positive or 
negative), entering it through the electrical input 
unit into the adding machine. The operator next 
makes an entry (an issue or receipt, plus or minus) 
and totals the machine. The new total is imme- 
diately written back from the adding machine into 
the original address on the drum and the system 
freed for the next operation. Costs of such a com- 
paratively simple data storage system are trifling 
compared with fully electronic computers. 


1. Binary to decimal conversion 


‘Two stepping switches added to an electrical input 
adding machine will produce a cheap binary to 
decimal converter capable of translating a 12-bit 
input to decimal output within 7 sec. The adding 
machine is first put in the “nonprint” condition by 
wiper 1 on stepping switch 1, see Figure 3. As wiper 
2 starts scanning the binary source input, the first 
indicated binary bit completes an electric circuit to 
stop the stepping switch at this position. Stepping 
switch 2 now scans to locate the stopped position of 
the stepping switch 1 and reads off the decimal 
equivalent of this first binary bit. Actual decoding 
is accomplished by prewiring on the banks of step- 
ping switch 1. This decimal equivalent of the first 
indicated binary bit feeds into the adding machine 
register but is not printed. After reading, stepping 
switch 1 continues advancing, sampling each bit in 
turn and, where necessary, decoding via switch 2 
to accumulate the equivalent decimal numbers in 
the adding machine register. When the last bit has 
been scanned, the first wiper of stepping switch 1] 
automatically energizes the “Total” solenoid and 
deenergizes the nonprint solenoid. This immediately 
prints out the accumulated total in the register on 
either a 24-in. tally roll or as column tabulations on 
larger machines. 

The cost of the adding machine converter ranges 
between $896-$1,652 depending on whether the basic 
unit is a standard tally roll or a long-carriage ma- 
chine. In a comparable electronic system, cost 
would be approximately $2,100 for the binary to 
decimal converter unit alone. 


system 


Typical application of such a low cost data sys- 
tem is order picking for daily dispatch to branches 
of a chain store. Consignments for each branch, in 
standard size packets, are gathered every morning, 
and transportation is allocated in late afternoon. The 
truckloads of consignments leave the depot during 
the night. Using an adding machine-drum random 
access store, a 10-digit store on the drum is allocated 
to each branch. The store adding machines have 
their registers split to total on one side the weight 
of the packages and on the other the total of pack- 
ages as a three-digit number. An adding machine 
is coupled to the system at 12 gathering points so 
that as the parcels arrive, the operator calls up the 
branch number on the drum and, using this as the 
address of a particular store, updates that store with 
the new information. 

Late each afternoon, the transportation manager, 
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FIG. 4. In an electric adding 
machine-random access system, mechanical 
registers replace complex electronics. 


FIG. 5. Typical 
order picking system. 


using a master adding machine with a punched tape 
reader, interrogates the drum to determine the total 
number of packages due for dispatch to each branch. 
To present the information to him in the most 
logical manner, the correct reading order of nonadd 
address code numbers is prepared on a prepunched 
tape. This is done in a way that the branch con- 
signments appear in their correct geographical order 
to simplify assignment to trucks according to pre- 


3. Automatic averaging system for 10 


An auxiliary stepping switch linked to the scanner 
selecting the incoming signals permits averaging over 
a range of 10 counts. As each reading is scanned 
and entered into the machine, the auxiliary stepping 
switch advances one position. The tenth step ac- 
tuates the adding machine total solenoid. The aver- 
age of the previous 10 readings is then printed out 
—by shifting the decimal point one place to the 
left—with an identifying symbol and the machine 


4. Comparison unit for automatic limit 


A simple limit tester can be made by adding a 
scanner and three sets of 10-position switches to an 
electric adding machine model that has a credit 
balance feature producing negative numbers as true 
values instead of complement figures. Figure 6 
shows the layout of a simple $840 system with a 
6-sec per test operating speed. 

First the actual digitized quantity is fed into the 
machine and recorded in the register. With the 
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determined routes. The system (Figure 5) includes 
a scanning and interlock unit so that each gathering 
station gets in correct sequence for making entries 
on the drum. While this is being done, all the other 
stations are interlocked so that operators can enter 
addresses on their machines; but these will not print 
until each machine is connected to the data record- 
ing system. Readout by the master station resets 
registers at gathering stations for a new input. 


inputs 


cleared for the next operation. The nonprint solenoid 
is energized during these 10 readings to insure that 
the only record that is printed out is the average of 
each 10 readings. 

Another variation uses the subtotal or running 
total solenoid instead of the total solenoid. This 
permits limit testing to the average of a set of read- 
ings, so that corrective action is taken only after a 
number of samples have been measured and recorded. 


testing 


nonprint solenoid energized, the scanner reads the 
high limit previously set on the first set of 10 posi- 
tion switches. This is read into the machine and 
subtracted from the digitized quantity. If it is 
within the higher limit, the credit balance contact 
indicates a negative quantity. The scanner next 
continues by rereading the high limit number and 
entering it into the machine and adding. This re- 
stores the original digitized value in the register. 
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FIG. 6. Simple limit tester checks against high and 
low limits and prints out deviation from setpoint. 
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FIG. 7. Punched tape provides temporary memory for 
this 150-container automatic weighing system. 


The lower limit is now read in and subtracted, and 
if the original reading is above the lower limit, the 
credit balance contact now shows a positive quan- 
tity. The original digitized value is restored in the 
register once again by refeeding the lower limit into 
the machine and adding. The next operation inserts 
the desired value into the machine which is sub- 
tracted from the original digitized quantity. The 
nonprint solenoid is now released and the difference 
total printed out as the deviation from desired value 
in red or black, according to whether above or below 
the setpoint. Closure of the credit balance contact 
outside the high or low limits operates suitable 
alarms. 

An example of the system is shown in Figure 7 
where equipment is attached to a digitized weighing 
scale with a special “back weight” device designed 
to handle a train of 150 containers which pass over 
the scale. ‘They then remain in sequence, pass under 
a filling device, and travel back to the weighing sta- 


tion. The purpose of the weighing procedure is to 
determine the exact weight of the contents in each 
container and give immediate indications of con- 
tainers whose filling lies outside high and low preset 
limits. Punched tape is used as a temporary infor- 
mation store, and the adding machine provides the 
cheap basic component of this simple, practical, 
automatic data processing system. 

The fizst operation allocates a consecutive code 
number to each container. The preset back weight 
is then recorded and added to the digitized scale 
reading to print out the true tare weight. At the 
same time both the code number and the tare weight 
are punched on five-channel paper tape, and the 
completed tape is stored to await the return of that 
particular container series after filling. When the 
full containers arrive at the scale, a new back weight 
is set up and the appropriate punched tape is in- 
serted in the reader. As each container passes over 
the scale and its code number is read from the 
punched tape, the true gross weight is printed out 
as derived from the new preset back weight and 
digitized scale reading. The tape now advances to 
read into the system the true tare weight. This is 
automatically subtracted to give the actual net weight 
of the contents of the container. Limit testing 
techniques (see heading number 3) are applied, and’ 
the container is automatically routed to one of 
three sidings, depending whether it is in limits, or 
over or underweight. Various programmings of the 
adding machine allow either all the information 
referred to above to be printed out or merely the 
basic essentials. 


5. ADP system with tally marking 


A simple ADP system using adding machine com- 
ponents was installed in a laundry for $1,062. Here 
a modified adding machine with electrical input is 
used with a remotely placed operator’s input position. 
At the input position, pushbuttons labeled with a 
particular article or group, (sheets, blankets, collars) 
are operated as the incoming laundry is being un- 
packed. Each input to the adding machine enters 
the register of the machine and prints out in a spe- 
cial format on the tally roll denoting the quantity 
of articles, their code number, and the price per 
unit. Prewiring between the input keys and the 
adding machine solenoids allocates the correct article 
price to each article code. After unpacking, the op- 
erator remotely totals the entries to print on the 
tally roll the total number of articles and their value. 
The tally slip is removed and pasted into the cus- 
tomer’s laundry book, thus performing both account- 
ing and checking procedures simultancously in one 
operation. Use of a double register machine allows 
the simultaneous transfer of this total to the second 
accumulating register to give a daily check of the 
number of articles handled and their total value. 
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incremental Servos 
Part |— 
Stepping vs Stepless Control 


S. J. BAILEY, Vitro Corp. of America 


THE GIST: The incremental servo, within 
its own limited frequency range, is slowly 
but surely becoming a strong contender 
for the position now occupied by the 
more conventional stepless servos. In 
this first part of a series written espe- 
‘cially for Control Engineering, author 
Bailey leads off with a comparison of 
the characteristics of both stepping and 
stepless servos. These are summed up 
neatly in Table | which shows that, ex- 
cept for high frequency applications, 
the incremental servo is every bit as 
versatile as its stepless counterpart, the 
velocity servo. To further illustrate the 
flexibility of the stepper, Table II presents 
eight functional block diagrams. The 
author concludes this introduction with a 
review of the more important classifica- 
tions of steppers. Part II will continue 
with a discussion of system design prob- 
lems and methods used to solve them. 
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Incremental servos offer many of the advantages 
of closed-loop systems and minimize some of the 
troublesome or critical design problems 

The figure above compares a position servo with 
its incremental counterpart. Synthesis of the con 
ventional system involves careful choice of several 
matched components and ultimate empirical adjust- 
ment of gain and stabilization to an optimum com- 
patible with expected load variations. Even a pack 
aged servo requires these final adjustments. 

On the other hand, an incremental servo may be 
specified for an application by defining the load 
torque, nature and magnitude of the input, allow- 
able positioning error, and response time. Usually 
the package may then be applied with a minimum 
of further adjustments. , 

The comparison of the figure is considered valid 
because a stepping motor may be viewed as the sim- 
plest form of incremental servo; i.e., for each input 
signal its output shaft assumes a new increment of 
angular position. A one-to-one correspondence of 
output shaft position to input signal results from 
the use of some kindsof detenting. Physically and 
analytically this effect resembles the feedback of a 
conventional position servo. 

It could be argued that a stepping motor is not 
a true position servo because it does not “measure” 
the position of its output shaft, feed back a signal 
proportional to this measurement, compare it to 
the input signal, and then apply the difference to 
torque the output shaft to its correct position. This 
argument would certainly stand up under technical 
scrutiny, yet it must be noted that if command 
information were available in small sign-sensitive 
“bits” to which the stepping motor could respond 





with high incremental accuracy and stability, the 
motor would then perform the basic function of 
the position servo within the limits of its “frequency 
response” and incremental accuracy. 

Frequency response here refers to the motor’s 
ability to step at a rate compatible with the input 
pulse rate. ‘This is essentially a “data sampling” 
problem and will be referred to later. Right now 
it would be well to compare the two kinds of servos 
to get a clearer picture of their characteristics. 


Major differences 


Generally the stepping motor is analogous to a 
velocity servc in that the incremental speed of its 
output shaft is directly proportional to its digital 
input rate, just as the speed of the velocity servo’s 
output shaft is proportional to the amplitude of its 
analog input. Table I provides a concise comparison 
of these two servo types. 

One outstanding physical distinction is that 
whereas the velocity servo gets its linearity through 
high loop gain (velocity feedback), the incremental 
device derives its linearity from a carefully designed 
mechanical and/or electrical detenting which results 
in an exact discrete shaft advancement for each ele- 
ment of stimulus. 

Perhaps the most important functional distinction 
is the inherent stability of a stepping motor as com- 
pared with a stepless feedback device. This same 


stability may, however, become a problem under 
certain load conditions. 


From an operational standpoint, a velocity servo 





WHY USE STEPPERS? 


The following list covers advantages found in both 
open and closed-loop incremental servos: 


1) When properly applied, the incremental servo 
offers all the desirable features of a feedback 
system without hunting or instability. 


2) Careful fabricatien can reduce error to a finite 
predesigned quantity with a relatively clean null 
and predictable threshold. 

3) Proper selection of finite step components can 
save money; e.g., a suitable stepper may replace 
amplifier, servomotor, tachometer, gear train, and 
transducer. 


4) Complex system synthesis becomes more 
straightforward; performance of elements and 
subsystems is easier to predict, and the interaction 
between system loops is easier to control. 

5) Power consumption for intermittent operations 
can be reduced to zero during quiescent periods, 
a feature useful in the design of missile and space 
vehicle controls. 

6) Use of an essentially digital system is far more 
compatible with advancing digital data tech- 
niques; both digital and analog outputs are 
available, though, as well as the discrete step 
mechanical output. 





performs as a true integrator since the position of 
its output shaft is proportional to the time integral 
of its input voltage. An incremental servo, how- 
ever, is operationally a finite summing device in that 
its output shaft position is proportional to the sum 
of all its finite input pulses. Conditions under 
which the incremental servo may be viewed as an 
integrator, without analytical penalty, will be dis- 
cussed in Part II of this series. 

Another significant difference is that while rate 
feedback tends to linearize and stabilize the velocity 
servo, feedback pulses may be used to key the 
stepping motor output to its input in either a self- 
triggering or completed-step monitoring function. 
Without feedback, the stepping device is both linear 
and stable, provided the input pulse rate stays within 
the performance capabilities determined by the 
fundamental time constant. With feedback, the 
stepping device may be adjusted so as to be self- 
stepping for a continuous voltage input, until this 
voltage drops below some design threshold. Limi- 
tations of this technique are discussed in texts on 
sampled data theory. It is mentioned here simply 
to illustrate the versatility of the incremental servo. 

Whether the detenting of the incremental servo 
is mechanical, electromagnetic, mechanical clutch- 
ing, or electromechanical braking, it must be posi- 
tive. Basically, the design prevents load fluctuations 
from developing a position error torque as happens 
in stepless servos. This feature is a definite advan- 
tage in systems with low data input rates and those 
which demand high “zero-frequency accuracy”. 
But today’s incremental servos cannot replace high 
frequency response, high load-variant systems 


Basic stepping contols 


Table II shows a group of basic operational tech- 
niques which, in suitable combinations or iterations, 
serve as building blocks for larger systems. 

The elementary building block (Row a) is, of 
course, the stepper motor which even without posi- 
tion feedback has the basic physical and analytical 
nature of a position servo when viewed for the in- 
terval of a single step. 

Many systems operate with a data influx of a 
very low time-variant nature. Examples of such 
systems include celestial trackers, drone controls, 
some machine processes, and many chemical proc- 
esses. Stepping motors make ideal integrators for 
these systems because of their basic simplicity and 
fine incremental accuracy. Response of these sys- 
tems is such that the stepper motor transform (as 
suming a small step increment, e.g., 1 deg or less) 
may be written as 1/s (Row b). 

Where the system involves computer controlled 
actuators (as in three-dimensional precision contour- 
ing) the bidirectional stepper may serve as a highly 
accurate finite (algebraic) summing device (Row c). 
But note the basic versatility of this device. For 
example, a designer may ignore the exact finite 
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summing, increase the stepping rate, install a high 
reduction gear, and use a binary encoder wheel to 
detect the output shaft position for comparison 
with the computed or taped command. 

Used as a velocity servo (Row d), the stepper 
responds linearly to a pulse rate input, within the 
limits of its stepping speed range. This application 
points up the compatibility of incremental servos 
with digital computing and control techniques. 

As a conventional positional servo with potentiom- 
eter feedback and a polarity-sensitive comparator 
having pulse gating circuitry (Row e), the average 
stepper becomes quite compatible with analog in- 
struments and programming controls of moderate 
frequency response. 

Quantizing analog data is a very important system 
function because physical phenomena occur in ana- 
log form. Row f shows how a stepping device may 
be used to quantize or “count” analog data in equal 
amplitude segments. Note the irregularity of the 
time base. 

The diagram in Row g shows a simplified arrange- 
ment for data sampling. Here the time base is 
regular. Sampling pulses are generated at equal 
time intervals, and the outputs correspond to the 
function value at the discrete sampling angle. Some- 
what analogous to stepless two-speed data transmis- 
sion is the two-mode control shown in Row h. Here 
the stepper motor performs either the “slewing” 
or “inching” function, depending on the size of the 
error. A phase-pulsed synchronous stepper motor 
can be designed to operate on demand as a conven- 
tional motor by abruptly increasing pulsing rate con- 
siderably beyond normal stepping speed. Digital 
circuit logic is needed to sense error magnitude. 


Classifying steppers 


Depending on the criteria chosen, steppers can be 


classified in many ways. The following discusses 
classifications based on seven important criteria. 
Basic ‘T'ype—Broadly speaking, steppers fall into 
either of two basic classes: phase-pulsed synchronous 
and solenoid-ratchet. The first includes multiple 
phase switched rotating machines which develop 
counterbalancing torque to cause stepping. The 
term “phase-pulsed synchronous” refers to phase 
synchronous motors which have special rotor and 
pole piece arrangements and which step in accord- 
ance with the progressive switching of two or more 
phases. (Actually the two-phase devices require a 
} ermanent magnet field as part of their stator array.) 
Steppers in the second class include both rotary and 
rectlinear actuating devices with ratchet or escape- 
ment detenting. In this type electromagnetic actua- 
tion of a solenoid core or armature produces the shaft 
rotation. 

Step Starting and Stopping Methods—Perhaps a 
more revealing classification of steppers would be 
according to these two basic characteristics: starting 
and stopping methods. According to the first, 


steppers may be classed as rotary, rectilinear, and 
coupling solenoids; relay armature; two-phase-pulsed 
synchronous with permanent magnet; three (or 
more) phase-pulsed synchronous; and pulsed syn- 
chronous with brake. Stopping methods include: 
pawl and ratchet, escapement, spring clutch, mag- 
netic clutch, reverse balancing torque, and no-current 
holding torque. 

Rotation—Steppers may be further classed as unidi- 
rectional and bidirectional. Bidirectional stepping 
usually involves duplicate actuators. In solenoid- 
ratchet devices, for example, two solenoids with op- 
posite rotational sense are installed. In two-phase- 
pulsed synchronous devices, two counterrotating 
units are mounted on a single shaft. Reversing a 
device with three or more phases requires simply a 
change in the order of phase excitation. 

Inputs and Input Acceptance—Another useful classi- 
fication of steppers is by input tvpes. Commutation 
or simple switching is the usual means for handling 
input signals. Auxiliary input elements or circuits 
frequently used include: transistor triggers; polarity 
sensitive analog comparators with pulse-gating facili- 
ties; ring computers; thyratron triggers; relays, trans- 
formers. magnetic amplifiers, vacuum tube triggers, 
etc. With respect to input acceptance, steppers 
generally fall into two classes: those which are en- 
ergized by successive switching of power into the 
windings and those actuated by pulses having critical 
definition as to rise time, duration, and amplitude. 
Output Torque—If classified with respect to output 
torque, steppers cover a wide range of types. At one 
extreme are the precision instrument torque clocks 
and at the other end, machine tool power drives. 

As a precision torque clock, a stepper might have 
an individual step accuracy within 3 min of arc. Its 
stepping function would vield increments of angular 
motion of practical size (from a fraction of a degree) 
at available rates of from 5 to 100 reliable steps per 
sec. Its output torque might range from | oz-in. to 
50 oz-in., depending on the size and model. Used 
as a clock, it could be set in motion by a single input 
pulse and would continue to step at a reasonably 
fixed rate either independently or for a fixed time. 

At the other end of the torque range, a stepping 
control may be visualized, for example, in terms of 
a tape-controlled milling machine for three-D con 
touring, with torque in excess of 2,000 Ib-in. 


Design problems next 


This concise introduction to the subject of incre 
mental servos leads to the conclusion that stepping 
devices can be designed for almost any precision 
automatic control application and that the chief 
limiting factor would probably be frequency re- 
sponse. In the next part of this series, the author 
will describe some of the methods used in designing 
incremental servos, review the load matching prob- 
lem, and discuss in some detail the analytical nature 
of these devices. 
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— If you need compact cooling devices 
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WESTINGHOUSE 
THERMOELECTRIC 


COOLERS 


NOW AVAILABLE AT REDUCED PRICES 


Now you can have the space and weight savings of Westinghouse 
“‘Component-Matched” thermoelectric coolers—with new cost 
savings, too. Prices are reduced on standard units, up to 50%! 


Exclusive Westinghouse ‘‘Component- Matched” configu- 
rations! With no moving parts, Westinghouse Thermoelectric 
coolers provide dependable, compact, lightweight cooling where it 
is necessary to reduce component temperature below ambient. 
These unique ‘““Component-Matched’”’ coolers feature exterior cool- 
ing surfaces or inner-cooled chambers with tailor-made dimensions 
to fit specific requirements. As a result of new production facilities, 
a wide range of configurations can be offered to electronic equip- 
ment designers. 


Only Westinghouse guarantees minimum AT ratings! 
Recent Westinghouse improvements in thermoelectric materials 
and assembly techniques have made it possible to guarantee mini- 
mum AT ratings for each cooling unit. Thus, a designer can select 
the unit he needs knowing in advance what the temperature drop 
will be from the hot to the cold side of the cooler. 


immediate military and industrial applications include: 
Photocells, photomultiplier tubes / Germanium transistors / In- 
frared detectors / Mechanical and electrical instruments / Labo- 
ratory and portable medical equipment / Controlling temperatures 
of solids, liquids and gases. 


Westinghouse engineers who developed these new thermoelectric 
coolers will be glad to provide engineering assistance in your ap- 
plications. For full information, contact your local Westinghouse 
representative, or write: Westinghouse Electric Corporation, Semi- 
conductor Dept., Youngwood, Pennsylvania. SC-1000 
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Typical AT°C versus input current— 
Types WX814-H, WX816-H 








“Buy and Try”—from Westinghouse distributors 
— standard WX814 and WX816 Coolers for 
immediate delivery at new reduced prices. 


EASTERN 
Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC. Boston, Mass./CO 7-4700 
ELECTRONIC SUPPLY Melbourne, Fiorida/PA 3-1441 
GENERAL RADIO SUPPLY CO., INC. Camden, N.J./WO 4-8560 
KANN-ELLERT ELECTRONICS, INC. Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS New York, N.Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP. 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS Long Island, N.Y./P! 6-6520 
MIDWESTERN 
ELECTRONIC COMPONENTS FOR INDUSTRY CO. 
St. Louis, Mo./WO 2-9917 
INTER-STATE RADIO & SUPPLY CO. Denver 4, Colo./TA5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. Indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC. Chicago, Il!./NA2-8860 
UNITED RADIO, INC. Cincinnati, Ohio/MA 1-6530 
WHOLESALE ELECTRONICS SUPPLY 
Dalias, Texas/TA 4-3001 
WESTERN 
ELMAR ELECTRONICS Oakland, Calif./TE 4-3311 
HAMILTON ELECTRO SALES Los Angeles, Calif./BR 2-8453 
NEWARK ELECTRONICS CO. Inglewood, Calif./OR 4-8440 
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How They Tested the First 
Nuclear Rocket Engine 


Testing a new family of solid core nuclear reactors designed for rocket 
propulsion was a tricky job because testers had no experience or background 
with such a reactor. Here in pictures and diagrams is the 

measurement and control system designed for this pioneering test. 
Analog computer techniques made real-time displays possible. 


Kiwi-A, the U.S.’s first nuclear rocket engine, posed 
some formidable instrumentation problems during 
its initial tests. Because the reactor was unshielded, 
no instrumentation could be repaired after the unit 
was started up and run even at low power. Because 
of the design of the unit, it was believed that an 
emergency shutdown (or scram) at a high power 
level would likely end the useful life of the engine 
so that instrumentation and control had to be reli- 
able enough to prevent an unnecessary scram. The 
number of measuring devices and transducers that 
could be put inside the critical assembly was limited 
since the designers of high power density reactor 
cores objected to the placement of many nonuclear 
devices in the core (it cuts down power generation). 
And the design of the high-pressure-proof shell that 
contains the reacter was not conducive to bringing 
out a large bundle of instrumentation wires. 

Named after a flightless Australian bird, the Kiwi-A 
engine was never intended to fly, even in rudimentary 
tests. That simplified the instrumentation and con- 
trol problem somewhat. For example, there was no 
requirement to miniaturize equipment, and the test 
could rely on wire transmission of data instead of 
radio telemetry. 

The system that was finally selected for measure- 
ment and control by Los Alamos Scientific Lab- 
oratory’s instrument contractor Edgerton, Germes- 
hausen & Grier, was pure analog hardwire telemetry, 
using analog computer techniques for automatic 
control and for closing servoloops. Strip chart 
recorders and meters were the primary recorders and 
data displays. The analog system lends itself ad- 
mirably to the large number of real-time displays 
that were asked for during the test because testers 
had no background or previous experience with such 
an engine. 

Some other advantages of an analog approach in 
this test: 

1) Accuracy and frequency response required were 


compatible with analog systems. Quantitative chan- 
nels had an accuracy of plus or minus | percent and 
a frequency response of 40 cps. 

2) Requirements for closed-loop servo control 
channels were more readily met with analog systems 
than with digital systems. 

3) With the distances involved, buried cables 
represented a more economical and reliable transmis- 
sion scheme than did radio telemetry. 

Over 800 signal and command channels were tele- 
metered by wire over the two miles separating the 
test cell from the control building. Automatic con- 
trol was of particular concern to the reactor control 
group, particularly during rapid startup, because the 
temperature coefficient of reactivity (how the mul- 
tiplication of neutrons would proceed with a change 
in temperature) was unknown. A complex analog 
computer received information on temperature, 
power level, and propellant flow rate, compared these 
with designed conditions, and then transmitted com- 
mand instructions to the power plant controls. 

Data processing for the Kiwi-A tests was relatively 
simple compared to testing of a missile, for example. 
For one thing, testers did not have multiple tests 
day after day. For another, much of the instrumen- 
tation was for disaster only—the data from these de- 
vices to be reduced only in case of a malfunction. 
Semimanual techniques could be used in the Kiwi-A 
test because the amount of data to be processed 
was limited. 

The first test of a solid core reactor operation at 
temperatures and power densities and with propel- 
lants applicable to nuclear rocket propulsion was an 
unqualified success. With the data and experience 
gathered in this test, the Atomic Energy Commission 
has been able to refine its nuclear rocket engine de- 
velopment. Just recently, full power tests were suc- 
cessfully completed on Kiwi A Prime, an advanced 
version of Kiwi-A. Testing Kiwi A3, an even more 
advanced design, is to be started seon. 
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Kiwi-A, nonflying nuclear rocket en- 

gine, was mounted on a special rail- 

road car so it could be withdrawn re- 

motely from the test cell even when 

it was radioactive. The reactor has a 

solid core in which uranium is im- 

bedded in a refractory material to be pe p / ? ee 
form a fue! plate. The fuel plates are & . wie ee pes. ii 
arranged alternately with free pas- 5 , . : J 2 _ 
sages so that the propellant or cool- 

ant (hydrogen gas) can be forced 

through them, heated as in a heat 

exchanger, and then converted to 

thrust by means of a conventional 

rocket nozzle. 


In the test cell the unshielded nuclear 
rocket engine was positioned above a 
slightly shielded working space which 


contained control rod actuators, wir- 
ing terminations, and some transduc- 
ers. Control equipment for local op- 
eration, neutron detectors, and some 
electronics were also installed in the 
test cell. 


Test was run from this operating con- 
trol console. Instrumentation is di- 
vided into two groups: that which 
must contain a high degree of quan- 
titative fidelity for diagnostic and 
control requirements, and that which 
is binary for on-off commands. 
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Control circuitry is typified by the flow control sys- 
tem which provides manual or automatic regulation 
of the hydrogen propellant. An upstream venturi 
measures pressure, temperature, and throat differ- 
ential, Because of the range of flows contemplated, 
three venturis—a small, medium, and large—were 
installed, to be used one at a time. Next a relay con- 
troller automatically switched to the appropriate 
input variables for the venturi-valve combination 
in use at the time. Switching took place whenever 
the ratio of venturi differential pressure to up- 


stream pressure exceeded a given maximum value. 
Mass flow rate was computed by analog techniques 
and compared at a summing junction to the com- 
manded mass flow rate. The difference, or error, was 
applied to the three valve positioning servos. As 
the valve position command increased from zero, for 
example, the smallest flow valve opened proportion- 
ately to a limit where it held. At this limit the 
medium valve opened until it, too, reached full 
stroke and held. Then the large valve opened pro- 
portionately. The reverse occurred for shutdown. 





On-off command channel. Only enough 
power to operate a pilot relay was 
transmitted in the long lines. All relays 
were low voltage dc units, equipped 


| all 3 Event pen coi! 











Indicating lights 











with diodes or similar suppressors. 
Switching a command “on” actuated 
an on-off recorder pen coil and an indi- 
cating light in the control building as 
well as the power relay that performed 
the function. Ganged switching in the 
test cell permitted local control of the 
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Typical temperature measurement. Each 


Two-mile cable 





measurement was backed up by a sec- 
ond one made by a different thermo- 


junction 





couple. Thermocouple wires led to an 
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electrically heated reference junction 
and after amplification up to a re- 
corder in the control building. Each 





Computer signal 





channel also had an indicating meter. 
An operator watching these meters se- 
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lected one of the two signals to feed 
into an analog computer making real- 
time calculations such as mass flow 
rate of propellant. 
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Typical pressure channel. Ac excited 
pressure transducers were generally 
used and these signals were demodu- 
lated before being fed into the dc in- 
strumentation system. Transducer out- 
puts were modified to present approxi- 
mately 10-mv full scale dc signals to 
preamplifiers. Long line transmissions 
were accomplished at a 10-volt level in 
balanced dc. 
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Signals from pressure transducers 
and thermocouples were amplified 
by these chopper preamplifiers in a 
distribution building located close to 
the test cell. With vacuum tube 
circuitry the amplifier has a 400- 
cycle, double pole, double throw 
mechanical chopper for both its dif- 
ferential input and its balanced out- 
put. Other preamplifier characteris- 
tics: high input impedance, low out- 
put impedance, linearity of plus or 
minus 0.1 percent, gain stability of 
0.1 percent, zero offset of less than 
plus or minus 10 microvolts equiv- 
alent input, common mode rejec- 
tion of 100,000 to 1 at 60 cycles, 
and low noise and ripple. Balanced 
. signal lines were used to minimize 
crosstalk and pickup. 



































Typical record carried eight analog 
channels on a 16-in. paper width. Any 
analog galvanometer, however, could be 
replaced with a four-stylus on-off as- 
sembly (channels 4 and 5 at right) to 
record both the analog signal and re- 
lated on-off indications. With this ar- 
rangement, flow rate and control valve 
limit indications, for example, could be 
recorded adjacent to each other. Trace 
also carried a reference line to com- 
pensate for possible paper shift and a 
digital time code placed on it by a 
timing pen driven by a special time 
code generator. 


Data reduction was semiautomatic. 
Strip chart records were reduced to 
microfilm because it was easier to scan 
them this way than to read the full 
sized records. If a reading was desired, 
a request was made and that strip 
chart trace was converted to punched 
cards or typewritten oUtput in a semi- 
automatic reader. Cards which had 
been linearized and scaled in the read- 
ing process served as input to a card 
plotter or a computer. 
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Multichannel strip chart recorder was 
a heat writing unit, packaged 16 chan- 
nels per rack. Each recording channel 
has two amplifiers built into the rack: 
so-called control and power amplifiers. 
A vacuum tube device, the former is 
the signal conditioner—its input is 
balanced and its output is single-ended 
—and performed all gain controls and 
zero suppressions. Its output, single- 
ended, provided input information to 
the analog computer, oscilloscopes, and 
other high impedance devices. The 
transistorized power amplifier amplified 
the signal sufficiently to drive the high 
torque galvanometers. These recorded 
the signals, provided isolation sources 
of signals suitable for driving low im- 
pedance displays like meters and high 
impedance elements like computer 
operational amplifiers, and provided 
balanced termination for the long lines. 
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New Random Access Memory Package... 


uses only 18.75" 
IN STANDARD 19° RACK 


ANOTHER G-C SPACE-SAVER! 


GENERAL CERAMICS, continuing its 
leadership in the memory packaging 
field, has made available double and 
triple bay random access memories with 
up to 4096 characters x 32 bits per char- 
acter at cycle times up to6 micro-seconds. 
Now you can get design economy since 
the basic G-C package requires only 
18.75” of standard rack space—a reduc- 


tion of up to 80% over typical units re- 
quiring a full six feet. 

General Ceramics offers space-saving 
random access memory designs with 
varying number of characters, word 
lengths and logic. 

Optional design features include parity 
checking, test cycles, indicator lights and 
power supply locations. 


Write on your company letterhead for additional information. 
Please mention your requirements; address inquiries to Section CE. 


INDIANA APPLIED LOGIC DEPARTMENT 


K-] GENERAL CERAMICS 
GENERAL KEASBEY, NEW JERSEY, U.S.A. 
TECHNICAL CERAMICS, FERRITE AND MEMORY PRODUCTS 
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Simple Analogs 
for Useful Nonlinearities 


CONTROL ENGINEERING 


A simple compensated varistor circuit is now available in a plug-in 
package that permits accurate synthesis of a whole class of useful 


nonlinearities. 


L. D. KOVACH and W. COMLEY 
E] Segundo Div., Douglas Aircraft Co. 


In the problems of synthesis it is often desired to 
introduce predetermined nonlinearities into the control 
system in order to achieve a desired result. Among 
the infinite number of possible functions, there is one 
class that is putitndaaty useful. This is the class 
yn = x". These functions are plotted in the unit square 
0=x=1,0Sy 1 for various n > 0 in Figure 1. 
If n = 1, y, = x is the straight line OB. If n > 1, 
the curves all lie below OB; and if n < 1, the curves 
lie above OB. 

The Quadratron* is a versatile nonlinear element that 
can be used to éynthesize the nonlinear y, functions 
with high precision. It is a solid state device which is 
capable of squaring a voltage with an error less than 
0.2 percent of full scale (plus or minus 100 volts peak 
to peak). Besides varistors which perform the squar- 
ing operation, the Quadratron package contains thermis- 
tors for temperature variation correction and resistors 
for making the unit compatible with commercial opera- 
tional amplifiers. 

Quadratrons have a wide dynamic range, and their 
passive character makes them extremely reliable. They 
are available in the two forms marked P and C in the 
figures. Their simplicity and low cost makes them 
unusually attractive as universal function generators of 
a variety of functions. 

The ability to produce the class of functions y, eco- 
nomically is important in achieving certain desired 
characteristics. If a nonlinear control action is intro- 
duced with n > 1, it will be sluggish in the beginning 
and rapid at a later stage. If n < 1, then the action will 
rise rapidly near x = 0 and level off later. Figure 2 
shows Quadratron circuits for some of the y, functions. 
The circuit of Figure 3 produces any power of input 
between 4 and 2. Figures 4 and 5 are other useful 
functions. 

To demonstrate how it is possible to achieve a cer- 
tain desirable nonlinear behavior in a control] system, 
it is necessary to consider the sources of these non- 
linearities. There is a variety of effects which may 
cause nonlinear behavior in a dynamic system. One 


* Douglas Aircraft Co., El Segundo, Calif. 
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Here are several circuits based on its use. 








FIG. 1. The class of functions y, = 2*. 


common nonlinear term is the result of the presenee 
of an element in the system whose response is depend- 
ent on the amplitude of a dependent variable. For 
example, it is possible for the pitching moment of an 
airplane to vary with angle of attack in a nonlinear 
manner. This would cause a nonlinear term C,,(c) 
to appear in the equation of motion in place of the 
usual linear term C,,.. In one typical airplane the 
variation of pitching moment with angle of attack is 

Ca(a) = — 1.2a — 4.00? — 900* (1) 
If a is represented by a voltage, Figure 6 shows the 
circuit needed to generate C,,(a). 

Second order linear differential equations often 
have variable coefficients. These equations are com- 
monly written in the familiar form 

Z + 2Ww—et + wat = Hit) (2) 
where { is the damping ratio and , is the natural 
undamped frequency. ‘Typical graphs of ow”, and 2, 
plotted against x are shown in Figure 7A and 7B. The 
circuit which represented these functions and also solves 
Equation 2 is shown in Figure 8. 

A large class of second order systems capable of self- 
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FIG. 2. A—Circuit for obtaining the function y = z* sgn 7; 
B—Circuit for obtaining the function y = 2°; 


C—Circuit, for obtaining the function y = a 


FIG. 5. 
A sine resolver 
with Quadratrons. 
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FIG. 3. Obtaining arbitrary 
expone ts with the Quadratron. 
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FIG. 4. A Quadratron multiplier. 
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sustained oscillations can be described by Van der 
Pol’s equation. If the damping term has the form 





tly, y) =— (Cy _ Di) (3) 
it becomes Rayleigh’s equation 


y = (Cy — Di) + wy = 0 (4) 
A transformation of variables, 


h 


Wrl 


3an2D 





puts the Rayleigh equation into the canonical form 


dx - dx 1 d# 7“ (6) 
dt,;? ‘i dt; 3 dt, 23 : 


This equation can be solved by the circuit of Figure 9 
by inserting different values of yu. 
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Circuit for generating C,,(a), see text 
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FIG. 8. Wiring diagram for 


solving Equation 2. 


FIG. 7. A—Graph of ,* vs x in 
Equation 2; B—Graph 
of 2¢@, vs x in Equation 2. 





FIG. 9. 

Wiring diagram 

for solving 
Rayleigh’s equation. 
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inertially damped servo motors 


Thirteen tucky solutions to stability prob- 
lems! Transicoil’s complete new line of accelera- 
tion (inertially) damped servo motors matches 
every conceivable requirement with performance 
far in advance of previously available models. You 
can have size 8, 11, 15, or 18... . in 4, 6, or 8 poles 
', .. Standard or high torque .. . corner frequen- 
cies cut to your special needs. And if necessary, 
an endless variety of special motor windings 
and shaft configurations. Highest 3rd corner fre- 
quency available in industry assures excellent sys- 
tem frequency response. Also, the large difference 
between the 2nd and 3rd corner frequencies sim- 
plifies amplifier stability requirements. 


Using these new damped motors in a system 
you can operate at higher gain, with less position 
or velocity error, less backlash sensitivity, in- 
creased stability. They’re far superior to damp- 
ing generators in marginally unstable systems. 
And compared to viscous damping or rate feed- 
back, permit high slewing speed, consume less 


=: 
3 DAYSTROM s INCORPORATED 


TRANSICOIL DIVISION 
CIRCLE 138 ON READER SERVICE CARD 


power, generate less heat, require less wiring, 
and need no warm-up period. 


SPECIFICATION SHEETS on the complete line are 
available now on request. Or, just tell us your 
problems and we’ll do our best to come up with 
solution. 


pe) 


Typical Characteristics Asymptotic Frequency Response 
of Size 8-4 pole, Size 11-4 pole Units 


! 
K. (VELOCITY CONSTANT) 
SIZE 8-4 POLE 29.0 es 
-_ - _ a 


! 
SIZE 11-4 POLE 23.5 


1 CORNER FREQUENCY 
UNDAMPED MOTOR 
(RAD/ SEC/ VOLT) Ss 


~ 


SHAFT ANGLE/CONTROL PHASE VOLTAGE 








1 RAD/SEC .16 “)\ 


SIZE 84 POLE 5 25 
SIZE 11-4 POLE 2 27 


CORNER FREQUENCY CPS. 





Foreign: Daystrom International Div., 100 Empire St., 
Newark 12, New Jersey. In Canada: Daystrom, Ltd., 840 
Caledonia Rd., Toronto 19, Ontario. 
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Selecting Amplifiers for High 
Performance Servovalves 


GIST: The hydraulic servovalve powered by a fast response dc torque motor 
is one of the best-performing components to become available to the control 
engineer. But its operation in a system depends to a large extent on the com- 
pany it keeps. The servoamplifier, particularly, must be of special design if the 
response and accuracy of the valve are to be fully realized. This article discusses 
the bandwidth requirements for a compatible amplifier and describes one tran- 
sistorized circuit that has been specifically engineered for servovalve applications. 


RAYMOND E. CLAFFIN, JR. 
Servocontrol Div. of The Oilgear Co. 


The high performance characteristics of an elec- 
trohydraulic servovalve cannot be realized unless it 
is driven from a compatible amplifier. To achieve 
the necessary compatibility, the control engineer 
must carefully set his design objectives on the basis 
of response, bandwidth, type of system (dc or ac 
carrier), and frequency. The question of response 
is settled quite readily since a fast response valve 
clearly calls for a fast response amplifier. And once 
the decision in favor of a fast response amplifier 
is made, the problem of bandwidth can be evaluated. 

The transient or step response of a control system 
is a function of the bandwidth of that system, since 
a sharp discontinuity of waveform (such as a step 
function) involves many high frequency compo- 
nents. For a pulse-modulated carrier frequency sig- 
nal, the pulse response for the case of zero to mod- 
erate overshoot may be written as 
0.70 to 0.90 

~ (1) 
where Tr equals the time (microsec) it takes for 
the leading edge of a pulse to rise from 10 to 90 
percent of its maximum height. B is the system 
bandwidth (cps) measured between the lowest and 
highest frequencies where the response is 0.707 or 
more times the carrier-frequency response. Thus 
the greater the bandwidth, the shorter the rise time 
and the better the response for a step function input. 

Wide bandwidth and fast response characteristics 
are readily obtained in dc amplifiers. But ac sys- 
tems are preferred in many industrial and military 
quarters for reasons including reduced arcing across 


Tr = 
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contacts, freedom from drift, and the availability 
of inductive and capacitive transducers. Wide band- 
width and fast response are easily provided in ac 
amplifiers too, if high frequency systems are accept- 
able. However in the majority of applications, gen- 
eration of high frequency carriers entails additional 
equipment and introduces phase shift and capacitive 
pickup problems. For these reasons, 60 or 400 
cycles are the commonly used carrier frequencies. 
Thus the problem here is the. provision of fast 
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e(t)=A sin wt Bsinwet 


FIG. 1. Waveforms relating to (A) carrier 
excitation voltage, (B) mechanical displacement 
signal, and (C) modulated voltage output. 





response and wide bandwidth amplification for 
modulating signals superimposed on a 60 or 400- 
cycle carrier. 


Carrier modulation 


Amplitude modulation of voltage wave e(t) of 
carrier frequency », (rad per sec) by a signal m(t) 
may be described mathematically as 
e(t) = m(t) sin wel (2) 
m(t) = sin wat (3) 
and w, is the frequency of the modulating signal. 
In a typical case the input signal may be generated 
by the mechanical displacement of a carrier-excited 
transducer such as a potentiometer. The input 
signal m(t) then consists of the sinusoidal displace- 
ment of the brush of the potentiometer. From 
Equations 2 and 3 the expression for the output 
waveform becomes 


where 


e(t) = Asin wHB sin wat (4) 
where A and B represent the peak amplitudes of 
the modulating and the carrier frequency signals. 
As shown in Figure 1 the output voltage is zero 
when m(t) = 0, giving rise to the designation “sup- 
pressed carrier modulation”. The phase reversal of 
the carrier at the crossover or zero points of B 
sin wat is also shown. 

By manipulation of trigonometric identities, Equa- 
tion 4 becomes 
e(t) = AB[} cos (we — wa)t — } cos (we + wa)l] (5) 
e(t) = AB[} cos 2(f. — fa)t — 4 cos 2(f. + fa)t] (6) 
Thus the information of the modulating signal m(t) 
is carried by an upper (f, + fz) plus a lower (f, — fa) 
sideband frequency, where f, and f, are in cps. If 
the modulating signal were 1 cps and the carrier 
60 cps, the upper and lower sideband frequencies 
would be 61 and 59 cps. And if the modulating 
signal were 59 cps, the sideband frequencies would 
be 1 and 119 cps. Thus for a carrier amplifier to 
pass the information contained by a modulating 
signal of frequency, only slightly less than the car- 
rier frequency, a bandwidth of approximately twice 
the carrier frequency is required. 
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Amplifier design objectives 


From this brief discussion the following amplifier 
design objectives may be established: 


1. ‘The amplifier must accept ac suppressed car- 
rier-type signals of the required phase and 
frequency. 

The amplifier should pass, in as linear a fashion 
as possible, modulation frequencies in the spec- 
trum from zero to approximately twice the 
carrier frequency. 

The last stage of the amplifier should provide 
an output suitable for driving the dc torque- 
motor servovalve assembly. 


The design basis for the servoamplifier will be 
described in two parts. The first is a single amplifier 


stage, Figure 2, that meets design objectives 1 and 2, 
above. The schematic shows a push-pull vacuum 
tube stage with input transformer T; and an output 
transformer T2 coupled to a load Ry. The B+ 
power supply voltage is depicted as a regular series 
of square-topped pulses in phase with, and of the 
same frequency as, carrier f,; i.e., the B+ voltage 
is instantaneously zero when the input signal of 
carrier frequency f, is zero. The signal grids of 
tubes V; and Vz are biased to cutoff. 

A pure sinusoidal signal e,(t), of carrier frequency 
w, and of the polarity indicated, is supplied to the 
primary of input transformer T;. The grid of V; 
is driven positive during the first half cycle of e,(t) 
and a halfwave current pulse i,(t) is caused to 
flow through the top half of the primary winding 
of output transformer T2. At the same time V2 
is cut off by the bias and signal voltages applied to 
the signal grid. During the second half cycle, V2 
conducts and V;:is cut off, while the halfwave cur- 
rent pulse is(t) fiows in the bottom half of the 
primary of transformer T2. Pulses i;(t) and is(t) 
cause halfwave current pulses i,’ (t) and in’ (t) to 
flow from the secondary of transformer T2 through 
the load R;, producing the output waveform e;(t). 
For an input signal —e,(t) (indicated by the dashed 
waveform in Figure 2) of opposite polarity, V2 
conducts during the first half cycle giving rise to 
the load voltage —e,(t) (also dashed). Thus a 
pure sinusoidal input signal of carrier frequency f, 
will be amplified with preservation of its phase 
relation. The amplifier output is, of course, zero 
for zero input signal. 


Bandwidth characteristics 


Now examine the performance of this type of 
amplifier stage with input signals of the suppressed 
carrier type. Figure 3 shows the suppressed carrier 
modulated signal for fg = #y, 4, 4, and 3 of the 


carrier frequency f,. Since six cycles are shown for 
the case fg = 7,5 f, 


1 
10 fe 


6 eps 


and 


f.-=10X6 
so that the corresponding values of f,; for 5, 4, 4, 
and 3 f, are 6, 30, 40, and 45 cps, respectively. Figure 
4+ shows the waveforms of i;(t) (above the reference 
line) and i2(t) (below the reference line) when 
V, and V2 conduct for the above sets of suppressed 
carrier input signals. Since i;’(t) and is’(t) are 
identical with i,(t) and is(t), it can be shown by 
similar graphical analysis that the output waveforms 
for e,(t) are exact reproductions of the input modu- 
lated carrier waveforms of Figure 3. Thus the 
simple amplifier stage of Figure 2 passes the sup- 
pressed carrier signals described by Equation 4 as 
well as pure sinusoidal signals of frequency f,. The 
only requirement is that the phase or zero crossover 
points for the input signals be matched with the 


= 60 eps (8) 
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FIG. 2. Schematic diagram of push-pull 
vacuum tube amplifier stage. 
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FIG. 3. Waveforms show type of inputs handled 
by amplifier. A is carrier frequency. B through E 
are modulating signals and modulated carriers 
for signal frequencies of +5, 4, 4, and 3 f.. 


zero amplitude points of the square-topped B+ 
waves. 

This analysis may be extended to signal frequen- 
cies that approach the carrier frequency of 60 cps 
even more closely than 45 cps, although the wave- 
forms becoine increasingly difficult to predict and 
recognize. It should be mentioned that for a prac- 
tical amplifier, particularly for a carrier frequency 
of 60 cps, extensive demands are made on the input 
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FIG. 4. Graphical analysis of how modulated signals 
are transmitted by amplifier first stage. A shows the 
square-topped pulses of B+ supply. B through E are 


patterns of tube conduction and output current for 


signal frequencies of 75, 4, ¢, and 3 f,. 


and output transformers. The design requirements 
for these units may be difficult to meet. 


Output stage 


The third design objective, an output stage cap- 
able of driving a dc torque motor, requires more care- 
ful consideration. A circuit for this purpose, with 
full-wave output, is shown in Figure 5. Here both 
V, and V2 conduct during each half cycle. Six leads 





FIG. 5. Schematic diagram 
for push-pull full wave output stage 
for six-lead de torque motor drive. 
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FIG. 6. Reproduction of input waveforms. A— 
modulating signal with fe = 30 cps. B—modu- 
lated signal e(t). C and D—output current 
pulses (I,’(t) and I,’(t) are dashed lines). E— 
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are required on the torque motor. The apparent 
B+ supply for each tube is a series of square wave 
pulses similar to that in Figure 2. For an in-phase 
input signal, V; conducts during the first half cycle, 
and J, flows through the top half of coil 1. V2 con- 
ducts during the second half cycle, and Iz flows 
through the top half of coil 2. The direction of 
magnetization produced by the haif wave pulses of 
I, and Iz in the torque motor armature is such that 
it is deflected in the same direction during both half 
cycles as indicated by the x(t) displacement wave- 


armature displacement, actual and dc average 
(dashed). Curves F through J represent a similar 
sequence for f, = 40 cps. 


form. This is precisely similar to the effect that would 
be obtained by supplying a single winding around 
the torque motor armature with full wave rectified 
de current. 

For an out-of-phase input signal, V2 conducts dur- 
ing the first half cycle and a half wave pulse of I,’ 
flows through the bottom half of coil 2. During the 
second half cycle, V; conducts and a half wave pulse 
of current I, flows through the bottom half of coil 1. 
The direction of deflection of the torque motor 
armature is opposite to that obtained for the in-phase 
sigaal above as indicated by the dashed —x(t) dis- 
placement waveform. 

Figure 6 shows I;, I,’ and Is, I2’ waveforms for an 
fg = 4f,and anf; =4f,. The effective magnetiz- 
ing current supplied to the torque motor obviously 
preserves the suppressed carrier modulation envelope 
of f, at the higher frequencies as f, approaches f.,. 


Practical transistorized amplifier 


A transistorized amplifier incorporating the fea- 
tures described above is shown schematically in Fig- 
ure 7, The first stage is a push-pull, transformer 
coupled, common-emitter circuit with unfiltered 
rectified 60-cycle supply in place of the square-topped 
B-+- supply used in the amplifier of Figure 2. The 
common-emitter output stage operates similarly to 
the vacuum tube section of Figure 5. Again, half 
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sinusoids of 60-cycle voltage rather than square- 
topped pulse waves are supplied to the output stage 
power transistors by transformer T;. The first stage 
feeds the primary of transformer T2, which provides 
base-emitter drive for output transistors Vs and V4. 

The output connections for driving a six-lead de 
torque motor are also given in Figure 7. Half wave 
currents i; and i,’ are shown by solid arrows for the 
first stage (i,’ in this case being the input current to 
output transistor Vs; for an in-phase signal). The 
resulting I, for the power output stage is also shown 
by a solid arrow, as are the currents is, io’, and Iz 
during the second half cycle for an in-phase signal. 
The half wave current I, flows through the top half 
of coil 1 on the torque motor and current I2 through 
the top half of coil 2. The torque motor armature 
is deflected to the right as shown by the displace- 
ment waveform x(t) during both half cycles. 

For an out-of-phase input signal, V4 conducts dur- 
ing the first cycle and half wave pulse of current 
I,’ flows through the bottom half of coil 2. During 
the second half cycle, V; conducts and a half wave 
pulse of current J,’ flows through the bottom half 
of coil 1. The direction of deflection of the torque 
motor armature is opposite to that obtained for the 
in-phase signal above, as indicated by the dashed 
—x(t) displacement waveform. 


Amplifier test results 


Tests run on the prototype amplifier with both 60 
and 400-cycle carrier supply and signal voltages have 
indicated that the output waveforms are faithful 
reproductions of the input waveforms in spite of the 
fact that the transistors within the amplifier are sup- 
plied with half sinusoids rather than square-topped 
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pulses of B+ supply voltage. The output trans- 
former T, is of high quality to reflect the load re- 
sistor R, into the collector circuits of the output 
transistor with little additional reactive effects. The 
tests definitely demonstrate that wideband amplifica- 
tion is obtainable for a resistive-type load. 

The amount of filtering and damping provided 
across the torque motor windings has a significant 
effect on the over-all performance of the unit. The 
parallel-tuned output circuit represented by a torque 
motor winding and the 6 microfarads of filter ca- 
pacity has a resonant frequency of approximately 35 
cps. The amplifier-torque-motor frequency response 
is thus limited by filtering and damping (provided 
by the output circuit bleeder resistors). Decreasing 
filter capacity produces a noticeable increase in fre- 
quency response (and harmonic content). 

A frequency plot of the amplifier and torque motor 
with 4 microfarads filter capacity and without the 
bleeder resistors from 1 to 45 cps reveals a smooth 
contour. This verifies the earlier assumption that 
the relative phase of the modulation and carrier fre- 
quency signals was not important except for the fact 
that the choice of zero phase angle made recognition 
of the suppressed carrier waveforms simpler. It must 
be pointed out that the amplifier-torque-motor fre- 
quency response is primarily limited by the charac- 
teristics of the dc torque motor load itself. Thus, 
even raising the carrier and modulated signal fre- 
quencies for a particular torque motor to 400 cps 
yields the same basic response of 45 cps, which at 
400 cps is only approximately » of the carrier fre- 
quency. To realize a bandwidth of ¢ of 400 cps, or 
approximately 266 cps, may well require develop- 
ment of a special de torque motor. 


FIG. 7. Schematic diagram of transistorized 
amplifier driving a six-lead de torque motor. 
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3 Al New electric 


~e- fo make 


FEATURES: 


e Wide band adjustments: 0 to 500% prop. 
band, 0 to 100 repeats/min. reset, and 
0 to 10 min. rate. 

Bumpless transfer even when control out- 
put is changing. 

Change proportional band any amount 
without upsetting process. 

Rate action circuit minimizes overshoot 
in batch process and during startup. 
Pull-out chassis for servicing without 
interrupting operation. 

Modular construction § simplifies main- 
tenance and stocking. 

Plug-in silicon diode rectifiers for greater 
reliability. 


All three units use the same plug-in components .. . 
only the control output section is different. Simplifies 
on-the-job servicing . . . eliminates need for com- 
plicated test equipment. 





3-mode control units 


furnaces perform at their best 


One of these units— Electr-O-Line, Electr-O- 
Pulse or Electr-O-Volt—will deliver the 
exact kind of temperature control that’s 
best for your furnace. 


Plug-in construction is used throughout all 
three units—including common amplifier 
and power supply sections. Operator adjust- 
ments are exactly alike for all three units. 
Interchangeability of control output sections 
Electr-O-Line Control Unit—For electronic position-proportion- simplifies stocking and service problems. 
ing control with reset and rate action ; 
Get complete details on these and other 


types of furnace controls from your nearby 
Honeywell field engineer. Call him today... 
he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 


Electr-O-Pulse Control Unit—For electronic time-proportioning Honeywell 


control with reset and rate action 


Hl Fit ww Couttol 


SINCE 1865 


Electr-O-Volt Control Unit—For electronic current output pro- 
portioning control with reset and rate action 








Use ElectroniK strip chart, circular 
chart or circular scale controllers to 
actuate Electr-O-Line, Electr-O-Pulse 
or Electr-O-Volt units. They are in- 
tegrally mounted, simplifying panel 
cutout and reducing wiring costs, 
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New Look 


Controls 


As machine tool control systems grow more complex, 
the size of the control enclosures continues to increase. 
In an effort to confine cabinet dimensions to reasonable 
limits, control designers have been forced to look be- 
yond long established conventional types of machine 
tool components and construction. The result is that 
many control packages have taken on a new look, 
radically different from anything that would be seen 
on the production floor just a few years ago. Pratt & 
Whitney Co. has concentrated heavily on size reduction 
in control design, borrowing some practices from the 
communications industries. Presented here is a picture 
sequence highlighting design features of one control 
system which boasts a ninefold reduction in cabinet vol- 
ume, greater reliability, and improved serviceability. 


MARK H. SLUIS, Pratt & Whitney Co., Inc. 


FIG. 1. Huge Pratt & Whitney No. 4EA jig borer can handle 
workpiece heights of 70 in. and bolt circle diameters of 80 
in. Three-axis tape input numerical control system provides 
fully automatic positioning of the rectangular work-table and 
the built-in rotary table as well. Operator can also position 
tables at will by means of telephone-dial input. 
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FIG. 2. Terminal board of numeric jig borer control requires 
about 1,500 connection points, some of which are junction 
points for as many as four wires. In addition, service consid- 
erations make it desirable to have available alongside each 
termination on this board an auxiliary terminal for the sole 
purpose of accommodating a test prod point. Conventional ma- 
chine tool-type screw terminal boards would require a tre- 
mendous panel area for mounting this number of terminals 
and would involve much longer wiring runs. The solution pic- 
tured packs 3,000 terminations (half on each side of the 
panel) in an area of 24 by 60 in. Moreover, the board is lo- 
cated just behind the main cabinet door—an area that had 
to be left clear in previous designs. The two cabinet doors are 
interlocked by mechanical levers, which require the terminal 
board door to be opened last and closed first to prevent access 
to hot wiring without operating the circuit breaker handle of 
the main door. 


FIG. 3. Each side of basic terminal block has 20 triple ter- 
minations, consisting of tapered holes that accept mating 
taper male pins. Each pin is fastened to its lead wire by a 
crimp joint. A special tool having a spring loaded plunger 
forces the pin into the block hole and guarantees a uniform- 
ity of insertion pressure. Unlike the screw termination, the 
taper joint actually tightens with vibration and retains elec- 
trical stability indefinitely. Because all terminals are available 
from both sides of the board it was possible to confine the 
outboard side of the panel to interconnections between chassis 
and the inboard side to connections between cabinet and 
machine. During wiring of the panel, prerecorded instructions 
are played back to the assembler to minimize wiring errors. 
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FIG. 4. Mounting across-the-line starters around sides of box- 
like chassis structure cuts space needed for these components 
by three-fourths. In conventional machine tool control cabi- 
nets, starters are supported on flat panels and all space in 
front of panel is wasted. Because in the new design the over- 
loads are arranged for automatic reset, it is not necessary to 
locate the reset buttons for maximum accessibility. 


FIG. 5. Turret-type sockets conserve space required for items 
such as resistors and capacitors and have the added advan- 
tage of permitting the short lead lengths recommended for 
low-impedance electronic circuitry. Where necessary, excess 
components are mounted on a piece of punched phenolic using 
single taper pin terminals. 


FIG. 8. For maintenance of proper operating temperatures, a 
6-in. cooling fan is used to ventilate control cabinet. In addi- 
tion, small circulating fans (arrow) are used in several places 
to cool local hotspots. 
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FIG. 6. Inverted chassis hung below sliding drawers make cir- 
cuits and components accessible for service without discon- 
necting chassis from system. This design was chosen over 
the usual type of rack and panel construction wherein chassis 
can be removed completely. One reason for this choice is 
that the machine tool industry does not regard quick-discon- 
nects as the ultimate in reliability because use of connectors 
of any type adds three junction points to every outgoing wire. 
And many faults in logic circuitry are intermittent and must 
be looked for while the system is in operation. 


FIG. 7. Mercury wetted relays such as that shown at the right 
were specified for long life and to provide reliable operation in 
dry circuits. This type of relay is ‘gravity conscious” and so 
is purchased to an upside-down specification to permit its use 
in the hanging configuration of Figure 6. Bifurcated-contact 
telephone-type relay, center, is choice for normal low-level 
switching circuits. All coil voltages are 48 vdc to provide 
benefits of low power consumption, smaller wire size, and 
economical ratings for other components. Use of special her- 
metically sealed taper-pin terminated relay at left is being 
investigated as possible solution to soldering problems. 





Here’s why the NEW AO 
TRACE-MASTER is the 
world’s finest 8-channel 


direct writing recorder! 


American Optical Company, famous for precision instrumentation for 
138 years, introduces an electronic direct-writing recorder of unique 
design, in which ultra-precise electromechanics has been combined 
with advanced electronics to achieve truly superior performance. 


Finest Writing Method Ever 


Unique direct-carbon-transfer writing 
method. Trace is uniformly black and up 
to four times thinner than that made by 
any other recorder. Minute variations in 
phenomena measured are more faithful, 
meaningful. Carbon trace cannot fade... 
may be easily reproduced. 


Finest Frequency-Amplitude Performance 


TRACE-MASTER’S multiple-feedback 
wide-range Driver circuitry, combined 
with the advanced pen-motor design, pro- 
duces wider frequency response at /arger 
amplitudes than any other recorder. 
TRACE-MASTER response is flat—with- 
in 1% — from dc to 110 cps at 40 mm! 


Band Amplitude Product (i.e. Bandwidth 
times Amplitude) is 5600...140 cps (3 db 
point) x 40mm!" 


Finest Chart-Drive Facilities 


TRACE-MASTER provides widest chart- 
speed range...0.1 to 500 mm/sec...of 
any direct-writing recorder! Convenient 


Entire channel easily accessible and completely 
interchangeable as single unit. 


push-button selection. Take-up reel auto- 
matically stores full 1000 ft. record. Writ- 
ing table tilts for easy chart annotations. 
Guide rails permit quick, easy paper-roll 
changes. Low cost chart paper makes prac- 
tical protracted recording at high speeds. 


Finest Resolution, Linearity, Stability 


Thin carbon trace (thinner by 4 to 1 over 
most recorders) and high Band Amplitude 
Product (higher by 6 to 1 over other re- 
corders) provide up to 24 times the re- 
solving power or sbility to detect short, 
sharp variations in the record. The su- 
perior linearity (+ 1%) and stability in 
rectilinear presentation permit full use of 
this unexcelled resolution. 


Finest Systems Oriented Compatability 


Fully transistorized circuitry...application 
of combined dc level and signal multiple 
feedback...complete interchangeability of 
modular signal-conditioning elements... 
are some of the features that make the 
AO TRACE-MASTER the world’s finest 
8-channel direct writing recorder. 


Platen tilts to convenient writing angle. 


WRITE, WIRE, TELEPHONE TODAY 


FOR COMPLETE INFORMATION! 


Complete Engineering Bulletins available. 


Field Sales Engineers at your service everywhere. 


See it... Try it... 
at the Shows 
WESCON! ISA! 
NEC! NEREM! 


| eee 
Widest range chart speed... push-button 
selection through 0.1 mm/sec to 500 mm/sec. 


American ®) Optical 


COMPANY 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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Counting Pulses Within the 
Magnetic Hysteresis Loop 


The advent of several new semiconductor thyratron-like devices opens up a 
new field of miniature pulse-counting equipment. In these the counting occurs 
within the rectangular hysteresis loop of the core of a small toroid. Pulses may 
be counted up to 10 or more per counting stage, with automatic reset action 
to start the next counting sequence at unity. The author describes the basic 
principles of hysteresis-loop counting, a two-stage circuit for counting up to 100, 
and an extension to the design of timers and long-term integrators. 


T. R. NISBET 
Missile Systems Div. 
Lockheed Aircraft Corp. 


To drive the magnetic core of a small toroid 
through its hysteresis loop, Figure 1, requires a cer- 
tain amount of energy—say, 1,000 ergs. Once the 
core material is saturated, however, only 500 ergs 
is needed to produce saturation of the dpposite 
polarity. Furthermore, if 50 ergs, not 500, is re- 
leased in the core, then the residual induction will 
be reduced by one-tenth of the peak-to-peak satura- 
tion flux density. Repeating this operation 10 times 
again produces saturation, with the operating point 
moving down the hysteresis loop. 

In practice the energy released to the core mate- 
rial occurs by discharging a capacitor through one 
winding of the toroid. The energy released is 4 
CV? x 10° ergs, where C is the capacitance in farads 
and V is the voltage change across the capacitor. 
Figure 2 shows in simplified form the mode of op- 
eration. Each input pulse causes the counting 
capacitor to discharge into the toroid. After the 
predetermined count or saturation is reached, the 
second triggering device discharges a reset capacitor. 
The energy stored in the reset capacitor is sufficient 
to saturate the core in the opposite polarity and 
also to produce an output pulse for the next stage. 

Figure 3A shows the equivalent counting circuit 
and the output pulses obtained with resistive and 
resonant loads. ‘The resistive load for the counter 
can be the upper base resistor of a unijunction tran- 
sistor. Even with a resistive load the winding’s dis- 
tributed capacity and the distortion of the hysteresis 
loop during pulsed conditions cause a voltage spike, 
Figure 3B, to appear across the load. Care must be 
taken to assure that the spike amplitude during 
unsaturated counts does not become so great as to 
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FIG. |i In the magnetic counter the operating point 
traces out a pattern of minor loops superimposed on the 
main hysteresis loop. 
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FIG. 2. Mode of operation: each input pulse discharges 
the counting capacitor into the toroid. When saturation is 
reached, the second triggering device discharges the reset 
capacitor to produce an output pulse and to remagnetize 
the core for the next counting sequence 








inadvertently trigger the transistor of the next stage. 
One way around this is to use a parallel LC load 
across the transistor emitter, resulting in the tran- 
sient in Figure 3C. Here, the initial pulse—even if 
large—is of the wrong polarity to fire the next stage. 
The backswing pulse voltage amplitude, while of 
correct polarity, is governed mainly by the amount 
of energy delivered to the load circuit. During the 
saturated count the energy is high, creating a volt- 
age large enough to fire the next transistor. With 
this backswing method the final counting pulse is 
diminishing when reset action takes place. The 
action is quite smooth, and the time lag is of no 
practical significance. 


Impedance level 


Before describing an actual magnetic pulse count- 
ing circuit, two design factors must be considered. 
These are the determination of the impedance level 


Nonsaturated 


counts \ 


Saturated 
, a | 
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(C) Resonant load 





FIG. 3. The equivalent counting circuit and the 
pulse shapes obtained with resistive and resonant loads. 


and of the required core energy. With the objec- 
tive of finding a suitable value of load resistance, 
across which the counting pulse appears as a small 
voltage before saturation and a large voltage after 
saturation, an approximate value of counting-toroid 
inductance must be determined. An acceptable 
value is the mean inductance L, determined by meas- 
uring the saturated and unsaturated inductance of 
the toroid (using a small amplitude sine wave) 
and taking the square root of the product of the 
two values. Equating the energy stored in the count- 
ing capacitor with that which would be stored in an 
equivalent inductance, 4 LI? < 10? ergs, the im- 
pedance level is seen to be (L/C)? ohms. 


Core energy 


The energy required to drive the core through its 
hysteresis loop, if not explicitly stated by the manu- 
facturer, can be readily calculated from core loss 
figures. Let the core loss be N watts per Ib at F 


cps, or NF watts per Ib per sec. If the core weighs 
X lb, then the energy is NFX joules or NFX x 10 
ergs. The reset energy is one-half this value, al- 
though many times more energy can be used if 
conveniently available. The energy which must be 
released by the counting capacitor depends on the 
scaling factor of the stage. For a count of 10, one- 
tenth of the minimum reset energy is required. Ex- 
perimentally, counts of up to 20 or 30 per stage 
have been obtained with Deltamax cores, but for 
practical circuits temperature variation of the hys- 
teresis loop makes it desirable to restrict it to 10. 


Two-stage pulse counter 


Figure 4 is the circuit of a two-stage pulse counter 
designed to replace 14 transistors in flip-flop stages, 
with each magnetic stage counting to 10. The cores 
are 1-mil Deltamax. The number of turns on the 
counting winding (300 t) is not critical, but the 
supply voltage should be regulated to within a volt. 
Unijunction transistor QO, generates the counting 
pulse as triggered from the input pulse. The tran- 
sistor has a specific firing voltage, typically 13 volts 
in this circuit. 

A large capacitor (whose circuit position cor- 
responds to that of the reset capacitors Cs and Cs 
in subsequent stages) is charged to a voltage below 
the firing level. By adjusting R, this can be set at 
12 volts, for example. The input pulses to be counted 
must therefore exceed the l-volt peak necessary to 
fire the transistor. The transistor will cease con- 
ducting at about 3 volts, the change in voltage 
across C, being 9 volts. The value of the first count- 
ing capacitor C2, assuming ideal components, is 
0.2W/V? microfarads, where W is the ergs required 
for a count of | and V is the change in voltage. 

Note that the circuit employs the backswing 
method of limiting the amplitude of the voltage 
spikes to prevent triggering the subsequent stage 
except during the saturation count. The circuit 
also includes a simple method of multistage reset. 
Here an inductance, a capacitance C, and additional 
windings on the various cores, connected in series, 
cause all cores to reset when the supply voltage is 
first applied, because the current surge occurring 
when C is charging saturates all cores. Inductor 
L, prevents a counting pulse in one core from ap- 
pearing as a count in some other stage. 

The counter as shown in Figure 4 responds only 
to a preset count. To find the number of pulses 
stored it is necessary to apply additional pulses at 
the input until the preset count is reached. A faster 
method is to read out each stage separately. 

One unique feature of the device is that the pulse 
count remains stored without consuming any power. 
When using unijunction transistors, however, the 
supply voltage cannot be removed suddenly, or the 
stored information will be lost. Consequently some 
switching arrangement is necessary to preserve the 
count. When using four-layer diodes, as shown in 
Figure 5, the count will automatically be retained 
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counter 


4. Typical magnetic counter stores up to 100 counts 


even during supply voltage removal. A switch in 
series with C then gives the option of having mul- 
tiple reset or retaining the previous count when 
the counter is reenergized. 

Four-layer diodes also offer good possibilities for 
miniaturization, particularly because of their re- 
duced power consumption compared with unijunc- 
tion transistors. Virtually no power is consumed 
except that required to restore the voltage change 
of the counting and reset capacitors. 

The magnetic counter, as originally designed, does 
not operate at high speeds. Its main purpose was 
to replace a multiplicity of transistor flip-flops op- 
erating at counting intervals of greater than 1 sec. 
To attain higher speeds it is necessary to arrange for 
the capacitors to be recharged quickly, without 
passing any significant current through the counting 
toroids. The capacitor size can be reduced by using 
a higher-voltage switching device, like a 50-volt four- 
layer diode, or by using smaller (less energy) mag- 
netic cores. Ferrite cores also offer the possibility 
of increasing counting speed; although, in a general 
way, high speed and large scaling factors may present 
conflicting requirements. 


Integrator and timer 


With slight modification to the circuit shown in 
Figure 4, the magnetic pulse counter can be made 
to serve as a miniaturized, long-term integrator. 
Circuit changes are to make R, equal to infinity and 
time constant RsC, equal to about 15 sec. The 
voltage signal to be integrated is applied across Ry. 
The signal builds up across C, until the voltage is 
large enough to fire the first transistor. Each firing 
marks the attainment of a specific voltage-time in- 
tegral. The over-all integral is denoted by n, the 
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Previous 
stage 











stage 


FIG. 5. Four-layer diode Q,, used in the circuit 
of Figure 4 instead of the unijunction transistor, 


requires no power to 


I ntain the stored counts 


number of times the first transistor fires, as stored 
in the subsequent counting stages. Here each count 
equals the same voltage-time integral, but the in 
tegrating period At may be spaced irregularly. 

If the voltage being integrated remains constant, 
the integrating count occurs at uniformly spaced 
time intervals. The first stage then becomes, so 
to speak, a pulse generator with a constant frequency. 
The constant voltage at Ry, which must be larger 
than the transistor firing voltage, can be obtained 
by adjusting the ratio of R, to Ry. With such a 
self-generated constant-frequency input pulse, the 
magnetic counter now serves as a timer, the time 
delay from input to output depending on the scaling 
factor of each stage, the number of stages, and the 
pulse period of the integrating stage. 





appearances are not deceiving 
THIS P&B 10-AMP RELAY IS AS RELIABLE AS IT LOOKS 


Our AB relay looks rugged... 


and it is. You can specify it for 


10 amp switching and confidently expect 100,000 cycles. Yet it 
is compact, easily mounted, and does not require special han- 
dling. Installation is simple, using your preference of screw 


| > 


ABC Series—AB series can be sup- 
plied enclosed in sturdy metal dust 


cover, 15444” x 22542” x 232”. 


terminals (adapters), quick connects, 
or dip soldering. 

Designers specify the AB for air 
conditioners and other products where 
dependable, continual service is 
paramount. 

These standard AB and ABC relays 
are listed by Underwriters’ Labora- 
tories and Canadian Standards 
Association: 

Type Arrangements Type 
AB7AY DPST-NO ABC7AY DPST-NO 
ABBAY DPST-NC ABC8AY DPST-NC 
ABLIAY DPDT ABCLIAY DPDT 


Coil voltages: 6, 12, 24, 115 and 230 volts AC, 50/60 cycle. 
Contact rating 10 amps, 115 volts AC or 5 amps, 
230 volts AC noninductive. 


U/L File E-29244 CSA No. 15734 
Write for complete data or contact 
your nearest P&B sales engineer. 


Arrangements 


AB AND ABC RELAYS 
ENGINEERING DATA 


GENERAL: 

Insulation Resistance: 100 megohms minimum. 

Life: 3 million cycles (mechanical). 

Breakdown Voltage: 1500 volts rms between 

all elements and ground 

Temperature Range: DC: —55 to +45°C. 
AC: —55 to +45°C. 

Weight: AB—5 ozs. ABC—7 ozs. 

Terminals: Fit 4” quick-connect terminals, 

or may be applied to printed circuits 

using dip soldering. Screw adapters 

furnished on request. 

Enclosure: ABC: Heavy duty dust cover. 

Dimensions: 13%%4” x 27542” x 25%A2”. 

CONTACTS: 

Arrangements: DPDT 

Material: 4” dia. silver. Other materials 

available. 

Load: 5 amps at 230 volts AC or 10 amps 

at 115 volts AC noninductive. 

10 amps at 28 volts DC. 


COIL: 


Voltage: DC: 6 to 110 volts. 
AC: 6 to 230 volts. 


Power: DC: 2 watts nominal. 
AC: 6.4 volt-amps. 
Resistance: 35,000 ohms max. 
Duty: Continuous: DC coils will withstand 
6 watts at + 25°C 
MOUNTINGS: 
AB: Two 8-32 tapped holes on 1%” centers. 
ABC: One 8-32 stud %” long and 
locating tab. 


P&B STANDARD RELAYS 
ARE AVAILABLE AT YOUR LOCAL 
ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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Beta-Gage Controllers Cut Fabric Coating Waste 


Trial runs of beta-gage controllers on 
leathercloth coating machine reveal 80- 
percent reduction in rejected material and 
more economical use of coating paste. 


L. E. TAYLOR 
Ekco Electronics Ltd. (England) 


First stage in coating leathercloth 
backing is to apply an_ excessive 
amount of pvc coating paste from the 
trough, Figure 1. A movable doctor 
blade then scrapes off the excess paste 
as the coated material passes under the 
blade. ‘The two ends of the blade are 
adjusted to maintain correct coating 
thickness at each edge of the material, 
while blade profile determines across 
the-sheet quality. In spite of close 
viscosity and temperature control, large 
variations in pve thickness occur if 
the blade ends must be positioned 
manually. ‘Time consuming quality 
control checks consisting of cutting 
samples from finished sheets and 
weighing them in the laboratory en- 
courage operators to set the mean 
coating thickness above specification 
to prevent underweight production. 

Plagued with these difficulties the 
North Wales plant of Bernard Wardle 
(Everflex) Ltd.—makers of pve coated 
leathercloth—fitted one coating ma- 
chine with beta-gage controllers on a 
trial basis, prior to modernizing all of 
their machines. 

'wo complete gaging channels were 
installed on the first coating machine, 
each channel controlling thickness at 
one edge of the fabric. Thickness 
measurement methods are conven 
tional, using thallium 204 sources and 


FIG. 2. Operator controls for the two gages 


Doctor blade 





an ionization chamber feeding a dy- 
namic capacity electrometer. Setpoint 
adjustment in the null-balance gage 
is by means of multiturn potentiom 
eters equipped with 100-in. calibrated 
drum scales (shown below deviation 
meters in Figure 2). Meters with a 
full scale deflection of plus or minus 
0.5 oz per sq yd register deviation from 
setpoint, the deviation signal being 
applied directly to the controllers. 


Control system operation 


[he control systems are of the time 
proportional on-off type. The output 
of each controller drives a fractional 
horsepower motor with integral gear 
box to control the ends of the doctor 
blade. ‘Tests showed that a gear re- 
ducer output speed of 0.5 rpm gives a 
thickness change of 0.1 mil per sec 
when coupled to the doctor blade posi- 
tioning mechanism. ‘This corresponds 
to a weight variation rate of 0.1 oz 
per sq yd pet Control system 
tolerance is set by changing the con- 
troller deadband, a deadband setting 
of plus or minus 0.15 oz per sq yd 
corresponding to a tolerance of 1.75 
percent at low coating weights and 0.5 
percent at high weights. The system 
responds faster than the previous man 
ual system: full product tolerance of 
0.25 oz per sq yd is corrected within 


sec. 


are lower left and right units 
below the two gaging boxes. Central pneumatics contro] the embossing-roll. 


FIG. 3 


pyc paste d 
a 


Embossing bow! 


4) 
infrared dryer \\ = 
= {/ 
Coated 


—</ Heated cylinder 
fabric 


no Beto source 
ond detector 


FIG. i. Leathercloth coating process 


2.5 sec under automatic control. 

A simplified version of one control 
channel is shown in Figure 3. Each 
of the three control functions—meas- 
urement, correction, and reset—is non- 
interacting and is controlled by a sep- 
arate linear rundown timing circuit. 
A polarized relay following the input 
integration stage determines the polar- 
ity of the error signal derived from the 
gage metering circuits. Relay closure 
actuates the ippropriate output motor 
contactor and simultaneously starts the 
correction timer. The output contactor 
holds in for a preset time determined 
by the timer controls and the error 
signal amplitude. When the correc 
tion timer times out, the reset timer 
is triggered to prevent further contact 
operation during this period. Reset 
time is adjusted both manually and 
automatically. On wide speed range 
machines, tachometet input to the re 
set timer maintains a constant ratio oi 
machine speed to velocity lag, assuring 
optimum control over the whole speed 
range. ‘The input integrator and meas 
urement timer are ganged so that a 
single adjustment maintains the meas 
uring time at twice the integrator time 
constant. With this ratio the con 
troller responds to the input signal 
mean value only, damping system r 
sponse to random product variations. 


lime proportional on-off controller. 
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Corrosive HCL... 
metered simply, 
accurately with 
the Foxboro 
Magnetic Meter 
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“Meter is completely corrosion 
proof,” Cabot Carbon Company 
reports 


When you’re metering hydrochloric acid for 
billing to a customer — for a price — accurate 
measurement becomes important. But how 
can you get it with a liquid as corrosive as 
33% HCL? 

At the Cabot Carbon Company, Tuscola, 
Illinois, the Foxboro Magnetic Meter is the 
best answer. There’s nothing to corrode or 
plug up — no flow restrictions of any type. 
Plus metering accuracy of better than +1%. 
An “impossible” measurement made simple, 
accurate, continuous. 

If you have a difficult liquid in your plant, 
the Foxboro Magnetic Meter can pay off 
for you, too. Ask your Foxboro Field Engi- 
neer about it or write for Bulletin 20-14. The 
Foxboro Company, 8511 Norfolk Street, 


Foxboro, Massachusetts. 


FOXBORO 


REG. U.S. PAT. OFF 


MAGNETIC FLOW METERS 





2” Foxboro Magnetic Meter measures 33% hydrochloric 
acid leaving the Cabot Carbon plant at Tuscola, Illinois. 
Meter has a Teflon lining, platinum electrodes — com- 
pletely resists corrosion. 


Foxboro Dynalog* electronic recorder logs acid flow. Chart 
records are attached to customer’s monthly invoice as proof 
of delivery. 





*Reg. U.S. Pat. Off. 
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Telemeter System 


Reads Meters by Telephone 


EDGAR J]. SMITH 
Kearfott Div., 
General Precision, Inc. 


FIG, 1. 


IDEAS AT WORK 
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New telemetering system for re 


mote meter reading makes use of Bell 
system tone-coded carrier equipment to 
read meter by simply dialing telephone 
number assigned to meter. 


A simple and versatile telemetering 
system has been designed by which 
gas meters or other measuring devices 
can be read remotely over standard 
telephone circuits by dialing a tele- 
phone number assigned to the remote 
station and pressing an interrogate 
switch. The meter reading is then 
indicated digitally at the home control 
station within 24 sec. Thus the sys- 
tem does not require that special lines 
be laid or leased on a full-time basis. 

The new telemetering system also 
includes two separate error detection 
schemes to prevent false readings. As 
a check on the reliability of reading, 
a gas meter was adapted as required 
and read..by a control console set up in 
the same room in Chicago. The signal 
from the “remote” station equipment 
on the gas meter was then routed to 
Hawaii and back over standard tele- 
phone circuits; not a single error was 
introduced. 


The system and its operation 


Figure 1 shows how the new telem- 
etering system uses the low-speed 
Dataphone tone-coded carrier system 
available from the Bell telephone 
companies. A five-decimal-digit shaft 
to analog converter (Kearfott’s ADAC) 
is geared to the output shaft of the 
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Readout 


gas meter and delivers parallel digital 
data to the control and translating 
unit. Upon command from the con- 
trol station the control and translating 
unit reads the digital data serially into 
the Dataphone carrier system. 
Bit-by-bit serial transmission of dig- 
ital data is used in the Dataphone 
system to permit sending digital data 
of any required accuracy over a simple 
two-wire telephone circuit. To realize 
the economy of standard teletype 
transmission over existing telephone 
lines, the data rate was limited to 15 
bits per sec. The ADAC used to digi- 
tize the shaft angle output of the gas 
meter has five drums, each geared 10 
to 1 to the next. Each drum carries a 
four-bit nonambiguous unit-position 
code representing a decimal digit of 
the shaft position. All drums simulta- 
neously represent the shaft position to 
five digits. This simultaneous (or paral- 
lel) digital data is converted to serial 
data by scanning the drums bit-by-bit 
with a stepping switch as shown in 
Figure 2 for two of the five drums. 
While a stepping switch is much 
cheaper than a motor-driven com- 
mutator, it is difficult to control the 
scanning speed and sampling periods 
accurately. Thus it was necessary to 
provide timing pulses between the 





information bits to synchronize the 
relay decoding networks at the main 
contro] station with the stepping 
switch. These timing pulses are gen- 
erated by the relay multivibrator shown 
in Figure 2. The coding segments 
on the drums of the ADAC and the 
stepping switch contacts both are 
capable of carrying the 50-volt, 20-ma 
pulses required to operate the tele- 
phone carrier equipment. The serial 
signal input to the Dataphone system 
is shown in Figure 3. 

The control station consists of a 
synchronizing module, a shift register, 
five relay-tree decoding modules, a 
digital indicating device, and a power 
supply. The control station accepts 
incoming data from the telephone 
equipment and displays it in parallel 
digital form. The voltage pulses are 
directed by logic circuits into flip- 
flop registers which are then read in 
parallel into the relay tree decoding 
networks which translate the unit-dis- 
tance code of the ADAC to the binary 
code required for each display position 
of the digital indicator used. 


Error detection 


Two error detection schemes are 
built into the system. One is in the 
shift register and the other in the 
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NOW! 


Beginning in 1958, several colleges, universities and industrial 
instrument firms asked us to contribute from our specialized 
tubing knowledge to their gas chromatography development 
programs and we gladly acceded. Research on tubing up to 
this time had been limited mostly to glass, copper and plastic 
materials. Higher processing temperatures and problems of 
corrosion resistance called for new materials. Testing of 
various stainless steels and nickel alloys followed. 


Today, as a result, we at Superior offer a number of stainless 
steel analyses and 30%, cupronickel for this purpose—all 
available in standard capillary tubing, miniature tubing, and 
tubing for packed columns. These analyses and tubing types 
offer the following outstanding advantages :| 


e Highly desirable ID surface and size uniformity to accept a 
wide variety of coatings 


e Nonpolar surface with respect to nonmetallic organic 
compounds 


TubeXperience in action 








small-diameter stainless steel tubing with consistent 
ID size and surface uniformity for gas chromatography 


e Excellent corrosion resistance to most compounds and reactive 
materials being studied, even at high temperatures 
Relative inertness to all organic compounds 
Excellent heat transfer properties 


» 
e 
e Great strength and resistance to breakage 
t 


Ease in bending and general fabrication—compact columns 
can be formed eliminating the possibility of obstructions 
during chromatogramming of the sample 
Proved durability and higher efficiency than other materials 
Minimal danger of reacting with partitioning liquids 
Leakproof system—connections can be readiiy made with 
plastic sleeves 
Lessened cleaning problems, reproducible coatings made 
possible 
Complete information, including analyses, sizes, lengths, and 
coil diameters, is given in Bulletin 110, “Tubing for Gas 
Chromatography.”’ Write for your copy today. Superior Tube 
Company, 2026 Germantown Ave., Norristown, Pa. 


Syoerrar lade 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2¥2 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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Bell sub-set and carrier 
\remote station) a 5v, 60cps 


relay-tree decoding module. 

Errors are detected in the shift 
register by processing four extra bits 
of information for each read-out cycle. 
These bits are sent through the sys- 
tem by the stepping switch just before 
the ADAC readout (see Figure 2), 
and if not transmitted correctly, an X 
appears on the display unit. 

Each relay-tree decoder 
four relays and 10 diodes. 


contains 
Since four 


control 


— | 
se 


multivibrator generates 


Sample of pulse train input 


phone carrier equipment 


Analog to digital converter attached t 1S 
scanned by 
switch which controls telephone carrier 


g 
stepping 
ubset 

to 


timing signals 


S nchronize equipment at main control station 


bits are used to represent the 10 
decimal digits, there are actually 16 
possible combinations of the bits. But 
the relay-tree module is arranged to 
honor only -he 10 combinations which 
represent the decimal digits zero 
through nine. If any of the six “‘ille- 
gitimate’’ codes are received, the logic 
circuits will display an X in the appro- 
priate digit position on the indicator. 

Equipment which the telephone 


companies presently use to test pre- 
determined lists of telephone lines 
during early morning hours can be 
connected to this telemetering sys- 
tem to eliminate the need for manual 
dialing, and since the meter reading 
is made available at the control con- 
sole in both binary and decimal forms, 
almost any kind of data processing 
system can be connected to it. It is 
then only a step to automatic billing 


Telemetered Data Pegs Cause 
of Bluebird Accident 


During his warm-up trials for a new 


attempt at the world’s automobile 
speed record last month at the Utah 
salt flats, Donald Campbell's jet cai 
Bluebird lost traction with a wet salt 
surface on one side of the car at a 
moment of high acceleration. ‘The 
unbalanced driving forces caused the 
car to yaw sharply at 300 mph. The 
Bluebird was airborne for 681 ft, and 
wind forces ripped off the two front 
wheels while it was in the air. Camp- 
bell miraculously escaped injury when 
the car rolled over six times before 
coming to a stop. He says he hopes 
to try again next year. 

This complete reconstruction of the 
cause of the accident was possible 
because the Bluebird carried a 24- 
channel telemetry system which ra- 
dioed transducer data back to an 
observation station at the beginning 
of the 15-mile track. One of the chan- 
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telemetered was transmission 
rpm, at the rate of eight measurements 
per sec. This measurement enabled 
calculation of the car’s acceleration at 
the time traction was lost. 

Ihe telemetry system was designed 
and built by Sir W. G. Armstrong 
Whitworth Aircraft Ltd., of Coven 
try, England. The 24 channels in 
cluded 18 channels of data, with the 
other four channels used for a syn 
chronizing pulse, grounding, calibra- 
tion, and a spare. The 24 inputs werc 
scanned in the car by a rotary sam 
pling switch at 12,000 rpm, thus pro 
duc... 8 samples per sec of any onc 
channel. The composite data from 
the sampling switch frequency modu 
lated a 145-ke subcarrier applied as 
amplitude modulation to a 3.5-watt, 
460-Mc transmitter. 

The transmitted data from the 
Bluebird was picked up by a six-ele- 


nels 


ment Yagi antenna on 
demodulated, 


1 45-ft mast, 
decommutated, and re- 
corded on a high speed oscillograph 
using ultraviolet-sensitive paper which 
is visible a few seconds after record 
ing. Quickly varying measurements 
such as strain gage outputs were -also 
displayed directly on cathode ray 
tubes, and slowly changing ones were 
indicated on meters. 

Data telemetered from the Blue- 
bird included the transmission rpm, 
jet engine compressor rpm, jet pipe 
temperature, front and rear transmis- 
sion oil temperatures and pressures, 
four transmission bearing tempera- 
tures, steering track rod position, and 
the suspension position of each wheel. 
These last measurements are taken 
because they indicate the instantane- 
ous aerodynamic characteristics of the 
car, which the. accident emphatically 
proved very important at high speeds. 
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Every time another American mis- 
sile is fired, special new cables are 
put to the toughest test of all. 

These cables must perform. If they 
failed there’d be no telemetering, 
data recording, circuit checks, elec- 
tronic computing, etc. 

To create such cables, you need 
special research and engineering 


Two places to look 


Look down. 

Learn the capabilities of your 
cable maker, the types of insulations 
available, the standards to which his 
cables are built. Look over some 
typical cables—from 2 to 193 con- 
ductors in each—to get an idea of 
what he can do for you. 

Arm yourself with a copy of our 


Look 


Televisa 








skills, special experience, and a 
hard-headed stubbornness about 
quality. 

That’s why you find so many mil- 
lions of feet of these specially de- 
signed instrumentation cables bear 
the label, “Rome Cable division of 
Alcoa.” 


Bulletin RCD-400, “Instrumenta- 
tion Cables’. It even contains a 
“Cable Procurement Information 
Form,” on which you can outline 
your needs. 

No obligation, of course. Just 
write for a copy. Department 10-110, 
Rome, New York. 


next time you need a cable 
that never existed before 


ROME CABLE 


pivision o0f ALCOA 
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Function Generator Control for 
Vibration Sweep Testing 


J. M. CHIRNITCH 
MB Electronics 


Sweep-frequency sinusoidal vibra- 
tion tests usually include one or 
more amplitude limitations as the 
band is swept. Combinations of con- 
stant displacement, velocity, and ac- 
celeration may be required at many 
points throughout the range, with dis- 
crete changes occurring at any point 
in the frequency spectrum. 

The usual method of obtaining 
some of the common functions is to 
switch the servo input between opera- 
tional amplifiers at specific frequencies. 
Other approaches employ passive net- 
works in the feedback loop to shape 
the spectrum. Very often, the spec- 
trum is merely divided into parts and 
tested in sections. But all of these 
have fundamental limitations, includ- 
ing both accuracy and versatility. 


Multilevel control approach 


The new MB model N661 multi- 
level control uses a basically different 
and versatile approach to the problem. 
The frequency spectrum is divided 
into a number of discrete points where 
switching is available. Similarly, the 
amplitude is also divided into a num- 
ber of voltage levels available at any 
of the frequency points. A _ linear 
transition between frequency points is 
made by an interpolating device. 

The basic presentations of vibration 
level are usually shown on a frequency 
graph. These are displacement X, 
velocity V, and acceleration A. On 
each of these there are lines of con- 
stant displacement, velocity, and ac- 
celeration, Figure 1. These graphs 
show that, for a log amplitude func- 
tion and a log frequency function, 
the loci will have integral slopes. 

The N661 uses the Perkin-Elmet 
Vernistat nonlinear function gen- 
erator to control slopes and_break- 
points. Any of the graphical plots 
in Figure 1 can be displayed physically 
on the control panel of the Vernistat, 
as shown in Figure 2. 

The multilevel control is connected 
into the feedback loop of the auto- 
matic vibration exciter control, see 
Figure 3. The function generator is 
an autotransformer with 101 taps 
spaced logarithmically. The range of 
voltage values available from these taps 
is 40 db. Two vertical scales are pro- 
vided—one from 0 to 40 db and the 
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FIG. 1. Basic presentations 
used in vibration level control 
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Amplitude ratio, 


other a ratio scale graduated from | 
to 100. Thirty-four separate switches 
are mounted horizontally. In con- 
junction with the interpolating poten- 
tiometer, they provide a log frequency 
function. ‘The interpolating poten- 
tiometer is actually three individual 
potentiometers synchronized with a 
switching arrangement which steps 
along the 34 switch positions, This pro- 
vides the smooth transition or “inter- 
polation” between switch positions. 
The Vernistat interpolating poten- 


FIG. 2. 


FREQUENCY-CPS 


Presentation on Vernistat functicn generator is 
adjusted by hand to represent the required frequency function 


FIG. 3. Multilevel func- 
tion generator is placed 
in feedback loop of 
vibration exciter control 
system of shaker table 
geared to oscillator fre 
quency dial 


FIG. 4. Plot of actual 
velocity level at shaker 
table for typical func- 
tion. 


tiometer is geared to the oscilator fre- 
quency dial of the automatic vibration 
exciter control. 

In operation the test specification 
is represented directly on the control 
panel. Advantage should be taken 
of the fact that full output of this 
shaping device is provided when the 
switches are at the ratio of unity. By 
setting the lowest point in the repre- 
sentation at unity, full utilization of 
the 40-db dynamic range is possible. 
Figure 4 is an actual plot of velocity. 
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world’s largest industrial annunciator line 
AS VERSATILE AS YOUR REQUIREMENT 


Lessens downtime by giving instant visual AND audible alarms when an “‘off-normal"” occurs 


Universal All-Purpose Annunciator System 
—can continuously monitor all points in your 
process. Wide choice of visual and audible 
sequences (optional flashing, ringback, 
multi-color visual, momentary lock-in, lamp 
reset. etc.) permits differentiation between 
rew and previously acknowledged alarms. 


Vl annunciators available in a considerable variety of standard sizes, cabinets 
and sequences to economically fit your exact requirement. Write today for 
descriptive catalog which also details Panalarm’s unique quality features. 


Panalarm manufactures the most complete line of annunciators for infor- 
mation and control. For an optimum competitively priced Annunciator 
System for your plant, consult Panellit engineers. Sales and engineering 


offices in all principal cities. 


Annunciators ¢ 


Control Panels « 


Digital Sequential Annunciator. Sequentially 
identifies your required off-norma! points 
instantly. Handles any number of total alarm 
points. Clear binary readout. Millisecond 
resolution between points. 
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Data Systems °« 


in your process. Time-saving—pinpoints trouble, permits faster 


correction and resumption of full production. 


e Easily expandable universal system—rugged functional construction. 

e Variety of sequences—interchangeable plug-in modules. 

@ Lowest installation cost—trouble-free operation. 

@ Over 1,000,000 service-proven hermetically-sealed Panalarm plug-in relays in use. 


Miniature Solid State Annunciator—eco- 
nomical, lo-drain, intrinsically safe, no mov- 
ing parts. Engineered for mounting in most 
standard miniature instrument cases. Com- 
patible with high speed compact computer 
applications. 


Recording Annunciator has both flashing visual and audible alarm simultane- 
ous with exclusive digital aipha-numerica! recording of operations. No time- 
wasting decoding, no useless blank tape accumulation. Automatic, permanent 

unalterable statistical record saves operator's time, reduces chance of opera- 
tor error, permits closer supervision. Equally effective in manned or unmanned 
locations. 


PANELLIT. Se c ISI iwcorroraten 


7401 NORTH HAMLIN AVENUE, SKOKIE, ILLINOIS e PHONE ORCHARD 5-2500 


Contract Maintenance and Installation 


CONTROL ENGINEERING 





Fail-Safe Circuit 
for High-Speed Transfer 


M. A. KEASAL, JR. 
Swift-Ohio Corp. 


Because of ever increasing produc- 
tion rates and the demands for rapid 
transfer of heavy and costly produc- 
tion parts and fixtures, more attention 
is being paid to “fail-safe” transfer 
controls which are inexpensive insur- 
ance against costly machine damage 
and scrapped production parts. 

The conveyor transfer in this ex 
ample has an index length of 90 in. 
and moves four loaded fixtures weigh- 
ing 400 Ib each. The time for index 
is 1.4 sec, at a rate of 500 per hr 

The prime mover for this system is 
a 10-hp motor, belt-connected to twe 
gear reducers through a system of elec- 
tric clutches to give rapid acceleration 


at startup, a fast transfer, and slow 


speed for final location. 

Figure 1 shows the basic control 
circuit as it was delivered. When a 
fixture in position on the transfer 
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closes LSI, CRI seals in, energizing 
the transfer to high speed. After 60 
in. of travel, LS2 is actuated by a chain 
mounted dog, latching CR2L which 
deenergizes CR1, disengaging the fast 
clutch and engaging the fast brake 
for the time determined by TDI. 
Upon closing, TD1 energizes CR4, 
thus disengaging the fast brake and 
engaging the slow clutch. When the 
fixture nears the end of the transfer, 
LS3 is closed, energizing CR3 and 
unlatching CR2L, disengaging the 
slow clutch and engaging the slow 
brake, which assisted by the fast brake, 
stops the fixture in the unload position 
at the end of the transfer. 

The problem to solve was over- 
travel, caused by failure of the drive 
to transfer from high to low speed. 
This resulted in smashing the fixture 
against the end of the transfer, caus- 
ing serious damage to one or more fix- 
tures, and occasional damage to trans- 
fer chain pusher dogs. 


CONTROL CIRCUIT Fig. 2 


Ec. 





IDEAS AT WORK 


rhe circuit was modified as in Fig- 
ure 2 to improve this condition. LS2 
was reinstalled to be actuated by a 
rotary cam driven by the conveyor to 
eliminate excessive breakage. Also 
LS4 was added to be actuated a very 
short time after LS2. If CR2L was 
not latched by that time, CR5L would 
latch, stopping the transfer by dis- 
engaging the fast clutch and applying 
both brakes. CR5L also gives a fault 
indication. If LS4 should fail to 
function, CR6L would not latch, thus 
stopping further transfer motion until 
the trouble is repaired. Note that the 
manual control is modified to allow 
jogging the transfer into final position 
where the circuit can be reset. 

This circuit could also be used on 
other devices which use an electrically 
controlled two-speed motion. In the 
case of the rapid traverse and slow 
feed control on machine tools it could 
result in savings on broken tools as 
well as lost production. 


CONTROL CIRCUIT 
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FOR THE BENDIX G-15 COMPUTER 


Speeds and Simplifies Problem Solving 


ALGO extends the problem-solving horizon of every engineer, focusing the speed and 
precision of the Bendix G-15 computer on any algebraically stated problem. @ A true 
mathematical equation solver, ALGO permits any engineer or scientist to program the 
computer in universal mathematical language. No previous knowledge of computers or 
programming is needed. Input/output, computation and data handling are all automatically 
controlled by the G-15 computer. @ Compare the number of steps in-the ALGO program 
illustrated below with the number required to solve the same problem on a slide rule, desk 
calculator or any other computing system. You will see the time and cost-saving significance 
of this new Bendix G-15 automatic programming aid. @ Specifically designed to take ad- 
vantage of the computing power and flexibility of the proven G-15, ALGO is the newest 
addition to an extensive library of Bendix automatic programming systems. See how the 
low-cost Bendix G-15 and ALGO combine to broaden application boundaries. Learn how 
this powerful team can save you valuable time...and greatly simplify problem solving. 


* AN ALGEBRAIC COMPILER BASED ON INTERNATIONAL ALGOL. 
E 
i= 
VR? + (6.2832 FL — 1/6. 2832 FC)’ 





PROBLEM 





(For values of RF & L as specified. For values of E ranging from 100 to 300 in increments 
of 50. For values of C ranging from .00002 to .000021 in increments of .0000001 ) 





COMPLETE ALGO BEGIN © 

PROGRAM: R 10 © 
F 60 © 
L o2 © 
FOR E 100(50)300 BEGIN © 
FOR C = 000002(00000001).000021 BEGIN © 
1 = E/SQRT(R Tf 2 + (602832 * F *L (1/(602832 * F *C))) T2) © 
PRINT (FL) = E® 
PRINT (FL) cC® 
PRINT (FL) =! © 


iat re ae 
Gera ee . 


Write on your letterhead for the self-teaching ALGO manual. 


Bendix Computer Division: 


DEPT.W-23 LOS ANGELES 45, CALIF. 





Regulated ‘Tuning Fork Runs 


In the first basically new timepiece 
design in over 300 years, Bulova has 
replaced the traditional spring motor- 
escapement mechanism with a tran- 
sistorized tuning fork oscillator. The 
new watch is called the Accutron. It 
consumes only 8 microwatts and will 
run tor over a year on a $1.50 mercury 
cell. Timekeeping accuracy is guat- 
anteed within 2 sec a day or 1 mina 
month—at least 10 times as accurate 
as a fine quality conventional watch. 

Figures 1 and 2 show the mecha- 
nism of the new electronic watch. 
The tuning fork assembly held by the 
tweezers in the technician’s right hand 
is only 1 in. long and has a small 
regulator tab which permits shifting 
the center of gravity of one tine of 
the fork sufficiently so that the vibra- 
tion frequency is exactly 360 cps. A 
tiny jewel-tipped finger attached to 
one tine of the fork engages ratchet 
teeth on an index wheel and moves 
the index wheel one tooth for each 
cycle of the tuning fork. A second 
jewel-tipped finger acts as a pawl to 
hold the wheel during the return 
stroke of the indexing finger. The 
index wheel turns a conventional gear 
train to turn the hands of the watch. 
The second hand of the Accutron 
seems to sweep continuously, but is 
aetually stepped along by the index 
wheel at 360 increments per sec 

In normal operation, the total ex- 
cursion ef the index jewel is two teeth. 
In the “start” position of a cycle it 
rests against one-half of a tooth. The 
index jewel retracts one-half tooth, 
Crops to the next tooth, and reacts an 
additional one-half tooth. On its for- 
ward stroke, the index jewel moves 
back one-half tooth, and engages the 


FIG. 2 


tooth from which it had started. 
This tooth is pushed forward a dis- 
tance of one-and-a-half teeth. Dur- 
ing the first half of the return stroke 
the wheel backs up and latches against 
the face of the pawl jewel, and the 
index jewel returns another half-tooth. 

Even if the amplitude of the fork 
moved the index jewel as little as one 
tooth-impulse or as much as nearly 
three teeth, the wheel is advanced 
only one tooth for each tuning fork 
cycle because of the relative position 
of the index jewel on the index wheel 
and because of the “draw” effect that 
returns the wheel to the latched po- 
sition of the pawl jewel during each 
return stroke. The amplitude of the 
tuning fork thus can be permitted up 
to plus or minus 50 percent variation 
with no loss in timekeeping accuracy. 

Figure 3 shows the transistor cir- 
cuit used to drive the tuning fork. 
The two drive coils are 8,000 turns 
each of 0.0006-in. diam wire. Drive 
coil 1 is tapped at 2,000 turns to 
derive a phase sensing signal for the 
emitter circuit of the transistor. The 
capacitor in this circuit is recharged 
once each cycle by the ac voltage in- 
duced in the phase sensing coil. This 
recharging current pulse causes the 
collector circuit to conduct momen- 
tarily, thus producing a drive current 
for the tuning fork at the proper time 
in each cycle. The capacitor dis- 
charges through the resistor during 
the part of the cycle that the base- 
emitter diode is cut off. 

The series connection of the drive 
coils and the mercury power cell pro- 
vides a degree of amplitude regulation 
in the tuning fork oscillator. Any 
amplitude variation due to external 


Tuning fork vibrations drive index wheel through spring finger to 


turn hands of watch, are controlled by transistorized relaxation oscillator 


DRIVE CON and 
PHASE SENSING COM 
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PULLAR PLATE 


Wrist Watches 


FIG. 1. Tuning fork in right hand carries 
small pot shaped permanent magnets which 
move in 8,000 turn coils at bottom of elec 
tronic assembly in left hand. 


shock will presumably last for a num- 
ber of cycles of the 360-cps fork fre- 
quency. An increase in amplitude 
will cause the drive coil to generate 
a voltage due to transducer action 
which opposes the voltage of the mer- 
cury cell and thus reduces the drive 
current to the coil. The reverse will 
occur if an external shock tends to 
decrease fork amplitude. The result 
is a much reduced sensitivity to ex- 
ternal forces. The design is such that 
a 10 percent increase in amplitude 
causes the driving current pulses to 
become zero, while a 10 percent de- 
crease in amplitude doubles them. 


Drive coil ! 


a 


— Drive coil 2 
Power cell 











FIG. 3. Oscillator circuit provides drive pulses 
timed by phase sensing coil. Feedback voltages 
generated by drive coils from fork motions 
due to external forces changes drive ecusrent 
pulses to regulate fork amplitude 
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(_ AUTOMATIC TRANSLATION 


To formulate rules for automatic language translation is 
a subtle and complex task. Yet, significant progress is 
being made. During the past several years large amounts 
of Russian text have been translated and analyzed at 
Ramo-Wooldridge’s Intellectronics Laboratories using 
several types of existing general purpose electronic 
computers. 

Many hundreds of syntactic and semantic rules are 
used to remove ambiguities otherwise present in word- 
for-word translation. The considerable improvements that 
have been effected during the progress of this work indi- 
cate that it may be possible within the next year or so to 
produce, for the first time, machine translation of sufficient 
accuracy and at sufficiently low cost to justify practical 
application. Electronic computers are also invaluable for 
other language research activities at Ramo-Wooldridge. 


INDEXING 
ABSTRACTING 


Techniques for automatic indexing, automatic abstract- 
ing, and other aspects of communicating scientific 
information are also being investigated. Research and 
development at the Intellectronics Laboratories will 
eventually lead to electronic machines capable of carry- 
ing on self-directed programs of research and analysis 
and “learning” by their own experiences. 


The accelerating pace at which these “communication 
of knowledge” problems are growing in importance have 
created challenging career opportunities in new fields of 
scientific endeavor. 


For a copy of our career brochure, “An Introduction 
to Ramo-Wooldridge,”’ write to Technical Staff De- 
velopment. 


RAMO-WOOLDRIDGE 


a division of Thompson Ramo Wooldridge Inc. 
8433 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA 
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PRINTED CONTACT RELAY 
save space, time, and money 


Representing a radical departure from the classical 
design approach, the Printact relay was developed spe- 
cifically for use with printed circuits. The first production 
model, available for 6, 12, or 24-vde coil operation, meas- 
ures § in. or less on each side, weighs 0.8 oz, and has a 
minimum life rating of 100,000 to 5 million operations 
depending on contact load. Armature carries bar palladium 
contacts in 1, 2, or 3-pole, single or double throw form. 

Design of the unit completely eliminates the need for 
stationary contacts and intermediate connections. Instead THE RELAY AND 
it mounts directly on the customer’s printed circuit board HOW IT SNAPS 
where the conductors are laid out so as to mate with the ONTO A PRINTED 
movable contacts of the relay armature. Recommended CIRCUIT 
conductor material is 2-oz copper with the immediate con 
tact area plated with rhodium over nickel. A second im 
portant design feature is the use of a ceramic permanent 
magnet instead of a return spring to bias the armature 
assembly to its deenergized position. 

Drawings to the nght include a bottom view showing 
the movable contacts and the coil terminals (the only 
electrical connection required) and an exploded view 
showing the quick-assembly spring clip, the magnet assem- 
bly and housing, the armature assembly, and part of a 
typical printed circuit board on which the conductors serve 
as contacts for a three-pole, double throw switching ar- 
rangement.—Components Div., Executone Inc., Long 
Island City, N. Y. 

; Circle No. 309 on reply card 


TELEMETERING SYSTEM transmits digital 
data over existing analog channels. 


A new digital telemetering system, designed for time- 
shared multiplexing with analog telemeter signals, can be 
used over any intermediate channel equipment, including 
telephone, telegraph, carrier current, and microwave. Sys 
tem consists of three major components: transmitter, re 
ceiver, and programmer. The transmitter accumulates 
pulses representing an integration with respect to time of 
the measured variable. At a predetermined time, it con 
verts the number of accumulated pulses into a modified 
binary code and transmits this in pulse form to the re 
ceiver. The receiver then stores the digital code in the form 
of energized or deenergized relays. Receiver output can 
operate a visual digital display or, in conjunction with the 
programmer, operate an electric typewriter or tape punch. 

In addition to eliminating the need for a separate chan- 
nel, the new system provides greater accuracy than that 
characteristic of integrated analog signals. 

l'vpical applications include the transmission and record- 
ing of power and flow data in the electric utility and process 
industries.—General Electric Co., Schenectady, N. Y. 

Circle No. 310 on reply card 
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Great things are happening | 


in AutroniC® Control 


TOUGH PROBLEMS © 


ARE NO PROBLEM 


FOR THIS FOOLPROOF, 
FOUL-PROOF 
PRESSURE TRANSMITTER 


Here is a primary sensing element 
for those tough jobs you'd like to for- 
get. Mounted right on the process 
pipeline or tank, the Swartwout Flush 
Diaphragm Pressure Transmitter will 
effortlessly measure pressure or liquid 
level of polymers, slurries, asphalts, 
viscous fluids, molten metals and other 
difficult media. No stagnant pressure 
lines, no steam jacketing necessary 
.. . the stainless steel transmitter dia- 
phragm fits flush with the inside of 
the vessel. 

A friction-free linkage multiplies 
diaphragm motion and actuates the 
core of a differential transformer to 
produce a 0-0.5V AC signal for any 
Swartwout AutroniC indicator, record- 
er or controller. Sensitivity is better 
than 0.005%, reproducibility 0.1%, 
accuracy 1.0%. 

The Flush Diaphragm Pressure 
Transmitter is just one unit in the 
constantly-growing AutroniC family 
of electronic instrumentation ... a 
family that includes all mecessary 
components for complete electronic 
control of any process parameter. 


For details on the Flush Diaphragm 
Pressure Transmitter, request Bulletins 
A-713 and A-718. Swartwout Division, 
Crane Co., Hooksett Industrial Park, 
Manchester, N.H. 


» 


me 


e . world leader in electronic 
process instrumentation 
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DATA HANDLING 
& DISPLAY 


WIDE RANGE, LOW DRIFT 


Shown above is the front panel of a 
new, high reliability linear count rate 
meter designed to furnish immediate 
indication of radiation intensities of 
from 0 to 10 million counts per min 
in 10 overlapping ranges. Accurate to 
within 2 percent full scale on all 
ranges, the rugged instrument has an 
output zero drift of less than 1 per- 
cent. An adjustable trip circuit pro- 
vides an input for alarm and _ protec- 
tive circuits—General Electric Co., 
Schenectady, N. Y. 

Circle No. 311 on reply card 


CONVERTS TAPE 


The ZA-753 versatile converter per- 
forms three different data conversion 
jobs: any type of paper tape to mag- 
netic tape, magnetic tape to any type 
of paper tape, and any type of paper 
tape to any other type. Speed of read- 
ing and punching is 160 characters 
per sec. A ferrite core memory permits 
selection of data block lengths up to 
720 characters long. A manual-visual 
check of the mode conversion and 
memory is incorporated. Converter is 
74 in. high, 48 in. wide, and 24 in. 
deep.—Electronic Engineering Co. of 
Santa Ana, Calif. 

Circle No. 312 on reply card 


VERSATILE COUNTERS 


New decade counting tubes now avail- 
able are suitable for a wide range of 


applications. Speed of operation cau 
be slow enough to count sorted eggs 
in a large poultry operation or fast 
enough to total high speed radioac- 
tive pulses in a Geiger counter. The 
count is indicated on 10 glowing 
cathodes in luminescent dials within 
the tubes. Totals can be read visually 
in units, tens, hundreds, etc. up to 
100,000 units per sec. When used 
for automatic machine tool program- 
ming and control and for other high 
speed processes, the tubes’ count is 
converted to electrical pulses for read- 
out.—Raytheon Co., Industrial Com- 
ponents Div., Newton, Mass. 

Circle No. 313 on reply card 


MULTIMEG CONVERTER 


A new line of analog to digital and 
digital to analog converters is capable 
of voltage data conversions at rates 
from 5 to 30 million per sec. Small 
size is another outstanding feature. 
For example, a seven-bit megacycle 
converter, exclusive of power supply, 
takes up only 7 cu. in. Cenversion 
time is 020 microsec for six standard 
models. Both seven-bit binary and 
eight-bit decimal (8-4-2-1 decade cod 
ing) types are available for: a 5-Mcps 
analog to digital, direct input, posi- 
tive unipolar; a 30-Mcps analog to 
digital, direct input, positive unipolar; 
and a. 30-Mcps digital to analog, paral- 
lel code input, positive unipolar con- 
verter. Conversion error is typically 
+0.5 percent or 50 mv, whichever is 
greater, plus or minus the least sig- 
nificant digit—Epsco, Inc., Cam- 
bridge, Mass. 

Circle No. 314 on reply card 


PLOTS DIRECTLY 

This newly announced X-Y recorder 
allows precision plotting of computer 
processed data directly from the com- 
puter output. Data from any digital 
computer can be accepted to give in- 
cremental plots accurate to 0.01 in., 
the size of the basic plotting incre- 
ment. The plotter can be driven by 
both punched tape and punched card 
data processors. Speed of the instru- 
ment allows it to provide up to 200 
incremental steps per sec, and Z-axis 
modulaiion (raising and lowering the 
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Brush Operations Monitors’ response to signals is virtually instantaneous—less than 4 milliseconds. 
Multiple high-speed events are clearly defined from start to stop, on a common time base—and at rates up 
to 500 per second. Portable 30 channel or rack-mounting 100 channel models record sharp reproducible traces 
with fixed-stylus electric writing that provides the utmost in reliability. ‘“‘Built-in” transistor switching to 
eliminate relays is optional. No direct writing recording system can match the capabilities of Brush Operations 
Monitors for industrial and military analysis 


and control. Write for complete specifica- Brush INSTRUMENTS 


tions and application data. 


DIVISION — 


37TH AND PERKINS CLEVITE | CLEVELAND 14, OHIO 
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millisecond 
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The new Brush Trans-Switcher eliminates relays—greatly simplifies your problems of operations monitor- 
ing. Designed to take full advantage of the fast response and high resolution of Brush Operations Monitors, 
this compact, solid-state switching unit accepts up to 100 different ‘‘on-off’’ signals in a broad range of 
pulse shapes and amplitudes. Interchangeable, plug-in decade boards are designed to accept different 
voltage ranges and modes of operation. Avoid the ‘“‘black box’? approach—specify the standard Brush 
Trans-Switcher for the ultimate in precise, reli- f 

able monitoring. Write for complete details. rush INSTRUMENTS 


37TH AND PERKINS CLEVELAND 14, OHIO 
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pen) can be maintained to 10 oper- 
ations per sec. Positive or negative 
polarity pulses with amplitudes greater 
than 10 volts and rise times less than 
10 microsec from source impedances 
less than 500 ohms will drive the re- 
corder. Completely transistorized with 
self-contained power supply, the unit 
measures 12 x 18 x 14 in. (h, w, d) 
and weighs 40 Ib. Price: $3,300.— 
California Computer Products, Inc. 
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RESEARCH, TEST, 
& DEVELOPMENT 


UNIVERSAL POTENTIOMETER 


Suitable for lab or industrial use, this 
new universal ac potentiometer can 
be used for a wide range of measure- 
ments that would otherwise need sev- 
eral expensive special measuring de- 
vices. Useful not only for potenti- 
ometric measurements, the instrument 
is capable also of absolute measure- 
ments: voltages, 0.05-500 volts; cur- 
rents, 0.0005-20 amp; resistance, 
0.005-2 megohms; inductances, 20 
microhenries to 80 henries; phase 
angles; and capacitance at high volt- 
age (with standard capacitor), 1 micro- 
microfarad to 1 microfarad. Error 
limits, except for phase angle, are 
+0.1 percent. Ratio measurements 
can also be carried out. The instru- 
ment is manufactured by the German 
firm, Hartmann & Braun AG. Price: 
$1,875.—Epic, Inc., New York, N. Y. 

Circle No. 316 on reply card 


AWARD WINNER 


Winner of a design award for the 
second straight year at WESCON, 
the manufacturer was commended this 
year for its Half-Percenter, a line of 
expanded scale ac or dc voltmeters 
with error of +0.5 percent or 
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WIDE BAND 
AMPLIFIER 
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Sane "30 
() DIFFERENTIAL 
ZERO iH 


Can you use . 
CMR 


10 VOLT OUTPUT 


for a wider range 
of applications? 


In the new all-transistor AccuData III, low level signals from a wide 
variety of transducers can be amplified up to 10 volts with a high degree of 
accuracy. At 30 mv full scale input the noise error (0-10 cps) is less than 
0.007%; common mode voltage transients are less than 0.008%; and zero 
drift is less than 0.007%. The total error, therefore, is only 0.022% ...a 
new level of accuracy. 
The Honevwell AccuData III Amplifier is particularly useful in high ac- 
curacy data handling systems where pick-up problems associated with long 
cable runs and ground loops must be completely eliminated. 
The high 10 volt output allows direct connection between transducer and 
a wide selection of output devices including: 
Analog/Digital Converters 
High Speed Oscillographs 
High Speed Printers 


Servo Control Valves 

High Speed Multiplexers 
Telemeter Oscillator Controls 
Either single ended or differential input ranges may be selected with a fre- 
quency range up to 20 kc. Input impedance is 20 megohms single-ended 


| and 2 megohms differential. Seven amplifiers mounted in a 19 inch relay 
| rack occupy a height of less than 5'/4, inches. No cooling fans are required 


since the amplifier heat dissipation is only 8 watts 


Write for Bulletin BS DISA-3 to Minneapolis-Honeywell, Boston Divi- 
sion, Dept. 34 40 Life Street, Boston 35, Massachusetts. 


Honeywell 
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better. The 34, 44 or 54-in. meters 

aA Ale rete) alt= {es | will sell for less than $30 in quanti 
ties of 500 or more.—Voltron Products, 
Inc., Pasadena, Calif 
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RETAINS TRACES 

Oscilloscope patterns are frozen in 
stantly on the face of the cathodc 
ray tube of this new Storescope for 
periods of from minutes up to days 
\lthough prices have not yet been 
announced, the new tool is said to 
be priced far below any other storage 


SSVW ‘NOLSO® OS 
‘INI ‘CIONYV-SN3AILS 
YdddOHD OV: 9d 


Eleven types, both si : : scope on the market. ‘The conven 
' 22 


tional mesh-type tube is not used. In 


and double pole. Ces stead, a phosphor is employed pro 
Long life. 2 Peso ducing a dark trace on a light back 
Low noise level. ee ee ground. Storage time is determined 
Extreme reliability. oy. by ambient temperature and density 
ee eae te igh of recorded trace. Image is retained 
: even if there is line voltage failure 
Writing speed is 30,000 cm/sec 
Allen B. Du Mont Laboratories Div., 
Fairchild Camera and nstrument 
Corp., Clifton, N. J. 
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TESTS AUTOMATICALLY 
The Adept 400 tester makes possible 
automatic dynamic testing of compo 


Ee QUALITY: SINCE 1943 2 nent subassemblies or complete sys 
We EAeeme 7 FLKINSST., SOUTH BOSTON 27, MASS. | “™ ChecKont. Control of 799 signal 


power, and test control lines with 
S/A 16% punched tape programming allows 
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~ WORLITZ 
STRICTE 
ARE 


DEFENSE 
PROJECTS 


NURTURING NATIONAL SECURITY 


Since World War II Wurlitzer has continued 

to focus a sizeable segment of its research, engineering and 
production facilities on equipment for national defense. 

Today its capabilities in the field of miniaturized electronic 
components are recognized by their inclusion in six major missile 
systems. If you seek sophisticated assistance in furthering 

your contributions to the future of the free world, 


you'll find Wurlitzer ‘‘on the ready.” 


Inquiries Invited 
ELECTRONICS AND DEFENSE 
PRODUCTS DIVISION 


THE WURLITZER COMPANY 


North Tonawanda, N.Y. 
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NEW SIGNAL SENTRY solves the processing industry’ 


ance-free monitor-alarm system. Self-checking and accurate to 1 in 1000 for 30 different 


s need for a low cost, mainten- 


stations, it’s alert to any change in pressures, temperatures, liquid level and displacement 
...does away with chart recorders ... pays for itself in a matter of months. And SIGNAL 
SENTRY installs in a day...needs maintenance only twice a year...with guaranteed perform- 
ance for six full months. If you want a device constant! 


tly on guard for any out-of 


tolerance 
change, buy or lease a SIGNAL SENTRY. Write now for detailed, informative booklet to: 


COMMUNICATIONS CONTROL CORPORATION 
14707 KESWICK STREET * VAN NUYS, CALIFORNIA ® STate 2-4250 
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complete testing flexibility. The man- 
ufacturer claims the tester provides 
greater capability at less cost than 
any other automatic go/no-go check- 
out system on the market.—Ortro- 
mix, Inc., Orlando, Fla. 
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CHECKS PARAMETERS 


A line of electronic system analyzers 
for automatically checking R, L, and 
C parameters in any combination 
now available. The systems are built 
on the modular concept so that com- 
paratively simple modules check hi 
pot, leakage, continuity, impedance, 
voltage, etc. in automatic sequence. A 
few or up to 1,000 circuits can be 
accommodated.—A. W. Haydon Co. 
of Calif., Culver City, Calif. 
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PRIMARY ELEMENTS 
& TRANSDUCERS 


NO CAPACITORS 


The new liquid level indicator shown 
above does not depend on capacitance 
to measure lubricants and other liquids 
on aircraft and industrial engines and 
on a wide range of processing equip- 
ment. Elimination of capacitors— 
with their limited temperature and vi- 
bration tolerance—enables the indica- 
tor to operate reliably under sever« 
conditions. ‘Tested on a jet engine, 
the device functioned accurately after 
more than 200 hr of high temperature 
operation. The element will perform 
in liquids for which capacitive, photo 
electric, and mechanical sensors ar 
not suitable. When level drops to a 
predetermined point, the indicator 
flashes or sounds a warning.—Ele< 
tronics Dept., Hamilton Standard, 
Broad Brook, Conn. 
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FITS INSIDE ACTUATORS 


This linear motion potentiometer is 
designed for internal installation in 
hydraulic actuators and other telescop- 
ing assemblies. The 4-in. diam case 
with concentric actuating shaft is 
sealed against contamination for oper- 
ation in hydraulic fluids. The pot 
element is available with either plati- 
num alloy or low temperature coefh- 
cient resistance wire. High tempera- 
ture materials yield high stability and 
long life during operation at 400 deg 
F. Standard travel ranges are 1-5 in. 
Resolution is to 0.001 in.—Bourns, 
Inc., Riverside, Calif. 

Circle No. 322 on reply card 


FOR LINEAR OR ROTARY USE 


A low cost motion detector that can 
sense rotary motion at less than 4 
rpm, this new device can also be used 
to detect linear motion after simple 
conversion. Operable in a wide tem- 
perature range—from —40 to +240 
deg F—the unit is also unaffected by 
magnetic fields. Originally developed 
to detect “creep” of automatic trans- 
mission equipped automobiles, the 
device is now being offered for indus- 
trial uses. — Research Div., Gaylord 
Products, Inc., Chicago, Ill. 

Circle No. 323 on reply card 


PLUS... 


(324) A new solid state strain gage 
pressure transducer that combines the 
best over-all characteristics of both 
standard strain gage and _potenti- 
ometer-type units but has none of their 
inadequacies has been announced by 
Fairchild Controls Corp., Sub. of Fair- 
child Camera and Instrument Corp., 
Hicksville, N. Y (325) Consoli- 
dated Controls Corp., member of the 
Condec Group, Bethel, Conn., has 
placed on the market a new series of 
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A high precision, 


| efficient sub-miniature 


relay. Constructed 

to withstand severe 
vibration, heavy shock 
and temperature 
extremes. For 

control systems, 
missiles, computers, 
aircraft and similar 
applications requiring 
miniature size 

and dependable 


performance. 














TYPE SM-2 


Nominal Coil Voltage: 26.5 Volts D.C. 

Maximum Pull-In Voltage: 18 Volts D.C. 

Maximum Drop-Out Voltage: 14 Volts D.C. 

Coil Resistance: Approximately 600 Ohms. 

Contact Arrangement: 2 P. D. T. 

Contact Rating: 3 Amps. @ 28 V. D. C. Resistive (max.). 
Maximum Operate Time (N.O. Contacts}: 4 Milliseconds. 
Maximum Release Time (N.C. Contacts): 3 Milliseconds. 
Maximum Contact Bounce: | Millisecond. 

Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level). 
Minimum Insulation Resistance: 1000 Megohms. 
Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). 
Temperature Range: — 65° to 125° C. 

Operating Shock: 50 ‘‘G" for 11 Milliseconds. 

Vibration: 20 ‘‘G''—5 to 2000 CPS. 

Life: 100,000 Operations (Minimum). 

Maximum Weight: .60 Oz. 

Meets MIL-R-25018 and MIL-R-5757C specifications. 


Send for Bulletin § M-2 


omar — 


= HPBlectrie 


ewer * SOLENOIDS 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


« COILS + SWITCHES + HERMETIC SEALING 
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CEC makes 
them precise... 


Type 4-312A Pressure Transducer 


Type 4-313A Pressure Transducer 


Versatility makes 
them popular 


4-001 Closed-line Adapter 


4-008 Chamber-type Adapter 


For adaptability in pressure measurement, there’s no 
equal to the pair of unbonded strain-gage instruments 
pictured here actual size. With adapters they can be flush- 
mounted ... chamber- mounted... water-cooled... water-proofed. 

A workhorse with a thousand uses, Type 4-313A is available in 
absolute and gage models that measure pressures from 100 to 5000 psi 
in a temperature range of —100°F. to +300°F.— with superior perform- 
ance in shock and vibration environments. The unit mates with a 
4-008 chamber-type adapter as well as with an adapter for use in 
closed-line pressure measurements. 

Type 4-312A, available in absolute, gage and differential models, 
is a general purpose transducer particularly suited to aerodynamic pres- 
sure studies. It operates in a range of 10 to 150 psi in gage, absolute and 
unidirectional models and from +5 to +50 psi in differential models. 
Used with a 4-001 adapter, it is ideal for closed-line applications. 


Call or write for complete information. Ask for Bulletin CEC 1541-X2, Type 
4-313A; Bulletin CEC 1540-X2, Type 4-312A; Bulletin CEC 1558-X2, Adapters. 


Transducer Division { =e 


CONSOLIDATED ELECTRODYNAMICS / pasadena, california 


BelleHowe.ll - 


| NEW PRODUCTS 


differential pressure transmitters de- 
signed for use in primary plant instru- 
mentation. . . . (326) Indium anti- 
monide photoconductive infrared de- 
tectors, sensitive in the intermediate 
infrared spectrum, have been added 
to the product line of ITT Labora- 
tories, It. Wayne Ind. 
Circle No. 324, 325, or 326 
on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 


1-MINUTE TIMER 


Key feature of this unique 1-min 
pneumatic timing relay is simplicity. 
The device incorporates a diaphragm 
assembly which eliminates the need 
for an exhaust valve. Exhaust air is 
blown back through the intake filters 
to keep the timer free of dust which 
may collect. Positive, accurate adjust- 
ment of time settings is possible over 
a range from 0.2 to 60 sec.—Cutler- 
Hammer, Milwaukee, Wis. 

Circle No. 327 on reply card 


DO NOT DISTURB 


A new crossbar switch is the first 
commercially available crossbar switch 
to use Form C contacts. ‘These con 
tacts allow components under test to 
be monitored without disturbing test 
conditions; the switch breaks one con 
tact and makes another. The switches 
are available in various combinations 
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Where can you use solid-state inverters 
with performance like this? 


Wide operating temperature ranges—Models now 
available and in development, designed for ambients 
ranging from a low of —55°C to +125°C. 


Closer frequency regulation—As close as +0.02 cps 
under full load at ambients from +60°F to 175°F in 
some models. 


Voltage regulation to +0.87% under full load at 
ambients ranging from —20°F to +175°F. 


Features like these, in addition to small size and high power 
output-to-weight ratios, make Hamilton Standard static in- 
verters ideal for such military and commercial applications as: 
e aircraft emergency power supplies 

missiles, satellites 

gyro and instrument power supplies 

stand-by power for remote stations 

mobile equipment power supplies 

industrial computer power supplies 


Hamilton Standard static inverters have already been chosen 
by the three principal military services. A variety of 100 and 
500 va models, single- and three- phase, are now under 
development. 


HAMILTON 
STANDARD 


DIVISION OF 


UNITED AIRCRAFT CORPORATION 
ELECTRONICS DEPARTMENT 
BROAD BROOK, CONNECTICUT 


ENVIRONMENTAL CONDITIONING SYSTEMS e¢ ENGINE & FLIGHT CONTROLS 
ELECTRONICS e« GROUND SUPPORT EQUIPMENT 
HYDRAULICS ¢ STARTERS e PROPELLERS 


High-power-conversion efficiencies under full load 
28v dc input. 


Protection against output overloads—100 va models 
will withstand 100 va overloading, for 10 minute 
periods once an hour. 


@ Transient voltage suppression— Transient suppressor 


removes or attenuates voltage spikes—safeguards 
semi-conductor elements. 


CHARACTERISTICS OF 100-VA STATIC INVERTERS 





CATALOG NO. ECB-1.1-AA  ECB-1.1.7-AA  ECB-1.1.13-AA 





Output 


Voltage 115v +1lv 115v +5% 1l5v +5v 
Frequency 400+%cps 400cps+1% 400 +1% 


Phases Three Three Single 
Transient protection Yes Yes Yes 
Input Voltage 


Nominal 28v de 28v de 28v de 
Range 18-29v de 20-29v de 18-29v de 


Dimensions 5”x6"x8% ” 5"x6"x7%" 5%4"x5%"n8%” 





Complete specifications and data are available on these and other Hamilton 
Standard static inverters from 100 to 500 va, single and polyphase. 


STATIC INVERTER GUIDE—New Engineering 
data booklet available for the asking. Just 
clip coupon and mail today to: 


ee 7 


HAMILTON STANDARD e Electronics Department 
81 Main Street, Broad Brook, Conn. 


Name 





Position 
Company 
Address 
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IMC 
HYSTERESIS and TORQUE MOTORS 
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PRECISE, RELIABLE, UNATTENDED PERFORMANCE 


For tape and data processing systems — and related applications which require 
unusually high performance and reliability. Single, dual, 3 & 4 speed, ball or sleeve 
bearings, 1/2500 H.P. to % H.P., 60 cps, 400 cps and other frequencies . . . many 
alternate specifications to meet your exact needs . . . also miniature hysteresis- 
synchronous and geared-synchronous motors in size 8 through size 18 m This IMC 
line of hysteresis and torque motors features new advances in miniaturization and 
production economy ... is also characterized by uniform speed, low noise level, 
and high-starting torque m IMC engineers will work closely with you... help you 
design your equipment or system smaller, better with the motor that completely 
meets your particular requirements m Write for additional technical information to: 


i rm [> Magnetics — 


YORK +» ED 4-7070 / MAYWOOD, CALIFORNIA|+ LU 3-4785 
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NEW PRODUCTS 


of Form A and C contacts and in 10 
x 10 six-pole and 20 x 10 six-pole 
matrices. Up to 3 amp can be carried 
by the contacts.—_James Cunningham, 
Son & Co., Inc., Rochester, N. Y. 
Circle No. 328 on reply card 


LAYER CAKE RELAY 


Employing a new type of modular 
layer construction that allows quick 
design modifications, this new solid 
state relay has a life expectancy on the 
order of millions of cycles. Weigh- 
ing only 10 oz, the units’ small size 
is shown in contrast with a door key, 
above. 
Characteristics: 

Max operating current: 60 ma @ max 
operating voltage, 30 vdc 
Pickup voltage: 16 + 2 volts @ 
deg C 
Dropout voltage: 9 + 2, — 
25 deg C 
Contact rating: 1 amp resistive or in- 
ductive @ 28 vde 
Operate time: approx 10 microsec 
Release time: approx 50 microsec 
—Leach Corp., Controls Div., Los 
Angeles, Calif. 

Circle No. 329 on reply card 


<7 
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PLUS... 
(330) A series of silicon controlled 
switches capable of switching from 1 
to 200 ma has been made available by 
Transitron Electronic Corp., Wake- 
field, Mass. . . . (331) The first non- 
electric, self-powered engine safety 
control system to protect all engine 
installations against dangerous over- 
speed, temperature, and pressure con- 
ditions is now on the market from 
California Controls Co., Oakland, 
Calif. . . . (332) Industrial Timer 
Corp., Newark, N. J., has developed 
a 12-position adjustable rotary selector 
switch that is designed for rapid pro- 
gram changes and has 10-amp contact 
rating on each circuit. 
Circle Nos. 330, 331, or 332 
on reply card 
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REMOTE CONTROLLER 


This new instrument provides remote 
open-stop-close or on-off control and 
status indication of power operated 
devices. Both the control and indica- 
tion for valves, motors, blowers, 
pumps, and other such devices can be 
accomplished with only two wires be- 
tween the remote point and the con- 
trol location. The front cover of the 
unit is designed to carry a graphic sym- 
bol for use on graphic display boards. 
Maximum loop line resistance may be 
as high as 100 ohms for incandescent 
indicators and 2,000 ohms for neon 
indicators. Standard field unit is suit- 
able for controlling up to 2-amp coils 
at 480 volts, and larger capacities are 
available—Texas Instruments, Inc., 
Geosciences & Instrumentation Div., 
Houston, Tex. 

Circle No. 333 on reply card 


POWER SUPPLIES 





PORTABLE POWER 


Intended as a component of automatic 
systems for remote programming and 
bench use, this portable transistorized 
power supply is rated at 0-12 vde, 0-2.5 
amps, continuously variable. Both 
line and load regulation are to within 
0.05 percent; overshoot is less than | 
percent of voltage setting with 50- 
microsec recovery time; ripple is 250 
microvolts max. Just 6 x 8 x 10 in., 
the unit sells for $295.—Mid-Kastern 
Electronics, Inc., Springfield, N. J. 
Circle No. 334 on reply card 


TUNNEL DIODE SUPPLY | VV a — t ron Cm, INC. 


A unique pulsing power supply that 


: 3605 McCART STREET ye FORT WORTH, TEXAS 
provides pulsed outputs in a variety 
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ELECTRONIC SPECIALTY CO. 
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BUILDING BLOCKS 
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STATIC TIMER—TS 00-000 
Operation 100 ms to 90 seconds 
make or break 

—65°C to 125°C 
20 g's to 2000 cps 
50 g's in all planes 
> 1,000,000 cycles 
SPST 100 ma. to 1 amp 
18 to 30 vde 
Less than 4 oz. 
FREQUENCY SENSOR—RY-488 
Designed per customer specifications 
Temperature 40°F to +-125°F 
Contact rating up to 10 amp 
Over-voltage 200 V rms for 10 msec. 
to 130 V rms for 
1 hour 
Weight 6 oz. to 12 oz. 
6 PDT SOCKET RELAY—AH63ES200AA 
Contact rating 10 amp 
Vibration 10 g’s to 2000 cps 
Temperature 65° to +125°C 
Weight 6 oz. max. 
Altitude >80,000 ft 
Shock 25 g's all planes 
Nominal 28 vdc 
Pick up 18 max 
TIME DELAY RELAY 
(72 Hr. Delivery) T-010-000 
Operation 100 ms to 90 sec. 
Reset time 50 msec. 
Contact rating. 10 amp. res, 3 amp 
ind. (MIL-5757-C 
Operating voltage 18 to 30 vde 
(MIL-E-7894 
Temperature —65°F to +250°F 
Shock 30 g's (11 msec 
Operating life 100,000 operations 
ES engineers welcome the oppor- 
tuniy to furnish an engineering es- 
timate on your specific requirement 
Emergency circumstances given spe- 
cial consideration. Ask for the 
RELAY DIVISION design folder. 


Temperature 
Vibration 


RELAY 


RPORATE OFF 


NEW PRODUCTS 


of pulse and regulated combinations is 
intended for programming tunnel 
diode or parametron logic networks in 
addition to general power use. Six 
pulsed outputs may be selected, con- 
sisting of three overlapping pulses and 
their complements. But any combina- 
tion of pulses, with or without super- 
imposition on a regulated dc voltage, 
may be obtained. Pulses are phase 
locked to either an external or internal 
clock variable from 500 keps to 
Mceps.—Strazsa Industries, Electronics 
Div., El Cajon, Calif. 

Circle No. 335 on reply card 


SINE WAVE SUPPLY 


A new high power sine wave supply 
uses a unique circuit so that it cannot 
be damaged by overload, short circuits, 
or open circuits. No fuses, relays, or 
cutouts are used. An input of 105- 
125 vde is needed to produce a nom- 
inal output of 117 volts and 1,000 va 
power. Frequency is 60 cps +1 per- 
cent with 70 percent minimum efh- 
ciency. Line regulation is to within 
better than 6 percent; load regulation, 
better than 5 percent. The unit fits 
standard 19-in. racks, taking up 174 
in.; weight is 180 lb.—Power Sources, 
Inc., Burlington, Mass. 

Circle No. 336 on reply card 


HIGH VOLTAGE, LOW WEIGHT 


De power of 10,000 volts is available 
from a new supply that weighs only 
53 Ib. Designed specifically to pro- 
vide the gun potential to a high per- 
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Telephone Relay 


interchangeable with 
many other makes 


Stromberg-Carlson’s type “E”’ relay 
combines the time-proven character- 
istics of the type “A” relay with a 
mounting arrangement common to 
many other makes. 

As the drawing above shows, uni- 
versal frame mounting holes and 
coil terminal spacing allow you to 
specify these relays—of “telephone 
quality” —interchangeable with the 
brands you have been using. Costs 
are competitive and expanded pro- 
duction means prompt delivery. 

Welcome engineering features of 
the telephone type “E”’ relay are— 
Contact spring assembly: maximum of 20 
Form A, 18 B, 10 C per relay. 

Coil: single or double wound, with taper tab 
or solder type terminals at back of relay 
Operating voltage: 200 volts DC maximum. 

You may order individual can 
covers in a choice of 3 sizes for the 
new relay, as well as for our type 
“A” and “C”’ relays. 

Write to Telecommunication In 
dustrial Sales,112 Carlson Road, 
Rochester 3, New York. Or in At 
lanta call TRinity 5-7467; Chicago: 
STate 2-4235; Kansas City: HArri- 
son 1-6618; Rochester: HUbbard 
2-2200; San Francisco: OXford 
7-3630. 


STROMBERG -CARLSON 


A DIVISION OF 


GENERAL DYNAMICS 


EEE = ste 
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sistency display tube, the power unit 
may be used in other applications 
where space and weight are prime 
factors. The device, hermetically 
sealed, is of the unregulated trans- 
former-rectifier type and operates from 
an input of 115 volts, 400 cps. The 
output is fixed at 10,000 vde, 2 ma 
with ripple of less than 20 volts peak 
to peak. Dimensions: 44 x 5# x of in. 
—Industrial Products Div., Interna- 
tional Telephone and _ Telegraph 
Corp., San Fernando, Calif. 

Circle No. 337 on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


DIRECT ACTING VALVES 


Designed for manifold mounting, a 
new line of g-in. high performance 
direct acting solenoid valves is avail- 
able in models for positive pressure air, 
vacuum, or all conventional hydraulic 
fluids. Up to five valves can be 
mounted on a manifold on 22-in. cen- 
ters. The line is available as double 
solenoid, single solenoid, or spring 
return types; 2, 3, or 4-way; and 2 or 
3-position. Electrical junction box is 
built in.—The Beckett-Harcum Co., 
Wilmington, Ohio. 

Circle No. 338 on reply card 


SYNCHRONOUS DRIVES 


Ranging in size from 2 to 15 hp, a new 
line of Syncro-Range drives provides 
adjustable speed of synchronous in- 
duction motors running in exact syn- 
chronism over a wide speed range. The 
drive is an integrated system consisting 
of an adjustable frequency power sup- 
ply, one or more Syncro-Spede drive 
motors, and a control panel. The ad- 
justable frequency power is supplied 
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HOLTZER-CABOT 


offers these 
CUSTOM FEATURES 
ina new stock motor 
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MOTOR ONLY GEAR MOTOR 


MODEL RBC-2407 
2-Phase Instrument Servo Motor 


e@ High torque-to-inertia ratio 
@ Torque to meet your needs 
@ Several output speeds to choose from 
@ Control winding impedance of 5400 ohms locked rotor 
@ New motor end cap design for easier mounting, 
better heat dissipation 


The RBC-2407 is available as a basic motor or with four stock 
gear ratios to meet your application requirements. All gear motors 
are electrically and mechanically interchangeable. Send coupon 
for free bulletin covering complete details, including physical 
dimensions and electrical specifications of this Model RBC-2407 
instrument motor. 


_ HOLTZER-CABOT MOTOR DIVISION - NATIONAL PNEUMATIC CO., INC. 


Sales-Service Representatives in Principal Cities throughout the World 


Designers and manufacturers of electric and electronic 
mechanical, pneumatic, hydraulic, \ equipment and systems 


HOLTZER-CABOT MOTOR DIVISION, Department CE 
National Pneumatic Co., Inc., 125 Amory St., Boston, Mass. 


Please send: [] Complete details of Model RBC-2407 Servo Motors 
(.] Information on other H-C Instrumentation Motors 


NAME TITLE 





COMPANY. 





ADDRESS 





CIRCLE 179 ON READER SERVICE CARD 179 





| measure small 

| differentials under 
| high pressure with 
| 0.5% accuracy... 


tho Now W&T ui pressure- 


* 
* Sensitivity 1/1000 

* Rugged construction 

* Custom-calibrated dial 

* Fully temperature compensated 
* External zero adjustment 

* Withstands full static pressure 


LO DIFFERENTIAL GAUGE 


Where the accurate measurement of small differentials at high 
pressure is vital—for example, in the precise measurement of gas 
or liquid flow—the W&T FA-236 Hi Pressure-Lo Differential 
Gauge meets the most exacting demands. You get these unique 
features: 


STANDARD RANGES OF THE 
HI PRESSURE-LOW DIFFER. 
ENTIAL GAUGE ARE: 

* 2 p.s.i. differential at pressures to 
50 p.s.i. 

* 5, 10, and 20 p.s.i. differentials at 
pressures to 300 p.s.i. 


Accuracy 1/200 of full scale range 


The only parts of the mechanism exposed to corrosive gases and 
liquids are made of stainless steel, beryllium copper, and Ni Span 
C.* These materials mean safe operation in 

the higher pressure ranges. Foy full 

information, write Dept. A128.28. 


*Registered trade mark, 


International Nickel Co. 








WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
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from an ac alternator driven by a con- 
stant speed squirrel cage induction 
motor which provides infinitely ad- 
justable speed through a system of 
adjustable discs and a ribbed belt. The 
control panel provides an alternator 
field supply and all necessary controls 
for operation of the drive —The Louis 
Allis Co., Milwaukee, Wis. 

Circle No. 339 on reply card 


EXPLOSION-PROOF 


A new explosion-proof induction mo- 
tor has been added to this manufac- 
turer’s line of miniature and sub- 
miniature motors. Manufactured by 
a wholly owned subsidiary, Hertner 
Electric Co., the DEF-15-1 was de- 
signed for the ground handling system 
of the La Crosse missile, but its high 
starting torque makes it suitable for 
a variety of uses. The 4-hp motor runs 
on 200/400 volts at 400 cps, turns at 
1,490 rpm with 14.2 lb-in. full load 
torque and 71.25 lb-in. starting torque. 
The unit weighs 11 lb.—Kearfott Div., 
General Precision, Inc., Little Falls, 
N. J. 

Circle No. 340 on reply card 


LIGHTEST DRIVE 


Described by its manufacturer as the 
most compact and lightest fractional 
horsepower variable speed drive avail- 
able, the new Speed-Trol is said to 
have the shortest over-all dimensions 
and to be 15 percent lighter than com- 
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petitive units. Speed ranges are from 
4,660 to 1.2 rpm with up to 10 to 1 
variation in 4, 4, and 3-hp ratings. 
Standard NEMA dimensions for shaft 
height and diameter permit inter- 
change with standard motors.—Sterlin 
Electric Motors, Los Angeles, Calif. 

Circle No. 341 on reply card 


COMPONENT 
PARTS 


HIGH GAIN PREAMP 


Shown above driving a recorder, the 
VS-67A dc amplifier provides high 
gain preamplification with enough 
output power to perform tasks like 
that above and still have good input 
sensitivity. Gain is 10-80 db steps, 
frequency response is 0-3 cps (—3db), 
and linearity is within 0.5 percent at 
0-100 and 1.5 percent at 0-250 micro- 
volts de input. Maximum output is 
+2.5 volts, +1 ma. Noise referred 
to shorted input is 1 microvolt rms 
max.—Millivac Instruments, Div., 
Cohu Electronics, Inc., Schenectady, 
N. Y. 

Circle No. 342 on reply card 


FOR PRINTED CIRCUITS 


Specially designed for printed circuit 
board insertion, these miniaturized 
voltage reference standards have a 
temperature coefficient of +0.0005 
percent per deg C from zero through 
+60 deg C. They operate directly 
from an unregulated de power source 
and have output voltages of 5.8, 8.5, 
or 10.5 vde +5 percent with regula- 
tion to +0.005 percent for de input 
variation of +10 percent. Dimensions 
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NeW oluc-in timer 


EAGLE’S HP5 CYCL-FLEX 


Offers: 


e Fast, easy installation 
e Quick change of time ranges 
© Quick means of localizing trouble 


INTERNAL TIMER FUNCTION 
SHOWN SCHEMATICALLY 
UTCH > 


Pe 
To Remove: Lift handle and pull out 
With 4 switches—2 switches operate 
instantly when timer is energized — 2 
switches operate with time delay — delay 
time adjustable — selection of dials from 
10 seconds to 60 hours. Dept. CE-1160. 


EAGLE SIGNAL COMPANY « Moline, Illinois 


A DIVISION OF THE GAMEWELL COMPANY, AN E. W. BLISS COMPANY SUBSIDIARY 











MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS 
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DESCEND 


sng STEPPER 


Accuracy: Within 6 min. of arc 
when driven by either motor. 


Incremental shaft 


degrees. 


rotation: 2 


This is one of the many applications for the Stepper 
Motor — a device for translating electrical pulses 
into accurate, bi-directional, incremental shaft dis- 
placements. 


The Synchro Positioner uses two Stepping Motors, an Autosyn 
differential, and a built-in pulse generator. One motor positions 
the Autosyn Shaft in coarse increments in either direction, while 
the other motor, using a different gear ratio, positions the same 
shaft in vernier increments in either direction. As the reset com- 
mand signal is of steady-state type, the built-in pulse generator 
permits use of the driving motors for the reset function. 


STEPPER MOTORS corporation 


Subsidiary of California Eastern Aviation, Inc. 


West Wilson Avenue © Chicago 31, Illinois 
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are lf in. square by 3 in. thick; leads 
are designed for mounting on boards 
with standard 4-in. spacing. Price: 
$60.—Viking Industries, Inc., Canoga 
Park, California 

Circle No. 343 on reply card 


INEXPENSIVE D-A CONVERTER 


The BDA-6 is an inexpensive, accurate 
digital to analog converter available as 
a standard plug-in etched module. 
Each module contains six stages and 
can be used as a six-bit converter. ‘Two 
identical modules can be connected to 
form a 12-bit converter with accuracy 
to within 0.1 percent. Settling time 
for a full scale voltage change of 10 
volts is 2 microsec. Output impedance 
is 2,250 ohms. Price: $275 per mo 
dule.—Abacus, Inc., Los Angeles, Calif. 

Circle No. 344 on reply card 
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(345) High efficiency miniature mag- 
netic clutches with minimum torque 
rating of 10 oz-in. at speeds to 1,000 
rpm are now being produced by UL 
tronix, Inc., San Mateo, Calif... . 
(346) General Electronic Control, 
Inc., Minneapolis, Minn., has brought 
out a line of solid state modular SCR 
phase controllers and servoamplifiers 
with 4-cycle max response time... . 
(347) The availability of four new 
trigger tubes—for high and low current 
applications—said to be the smallest 
on the market of this type has been 
announced by Signalite, Inc., Nep- 
tune, N. J. 
Circle Nos. 345, 346, or 347 
on reply card 


ACCESSORIES 
& MATERIALS 


GOLD FOR SEMICONDUCTORS 


Gold 99.99+ percent pure alloyed 
with antimony, silicon, germanium, 
gallium, or tin and fabricated into 
spheres, foil, washers, discs, rectangles, 
and squares for semiconductor devices 
has now been made available. Sphere 
sizes range from 0.005 with tolerances 
as close as 0.0001 in. Discs are made 
from 0.005 in., foil is available 0.0005 
in. thick, rectangles are from 0.040 to 
0.015 in., squares are 0.02@ in., and 
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washers are made from 0.020 ID with 
land of 0.005 in.—Alpha Metals, Inc., 
Jersey City, NJ. 

Circle No. 348 on reply card 


WINDS AUTOMATICALLY 


Winding paper tape is made a simple, 
unattended operation with a low cost 
portable tape winder now being pro- 
duced. The winder is designed for 
storing transmitted tape in teletype- 
setting, data processing, automatic let- 
ter typing, etc. The winder’s 12-in. 
metal reel holds up to 1,300 ft of 
chadless tape and up to 2,000 ft of 
fully perforated tape. Winding ten- 
sion is adjustable for maximum tight- 
ness without tearing tape. ‘The device 
is 16% in. high, 124 in. wide, and 6 in. 
deep; it weighs 134 lb.—Western Ap- 
paratus Co., Div. of Comptometer 
Corp., Chicago, Ill. 

Circle No. 349 on reply card 


MAKES VALVES AUTOMATIC 


Manually operated valves are easily 
made automatic using a new adapter 
that works with present piping and 
valve bodies so that lines need not be 
disturbed. Installation is made by re- 
moving the valve stem and bonnet of 
the valve and screwing the adaptor in 
their place. The adaptor is then 
linked by wiring or hydraulic tubing 
to a switch. Models are available for 
most standard globe valves now in 
use and will cost about $20-30.— 
Febco, Inc., Los Angeles, Calif. 
Circle No. 350 on reply card 


SYSTEMS 
STEP BY STEP 


A new system, called STEP—Simple 
Transition to Electronic Processing— 
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DYKOR® HIGH SPEED PERFORATED TAPE READER 


This completely transistorized photo-electric unit is the utmost in 
reading reliability. At 10QO0 characters per second it 
stops before the next character...reads any standard 
tape including 40% transmissive paper, and handles 
5 to 8-level tapes interchangeably. Outputs are com- 
patible with either PNP or NPN transistor circuits, 


|The user may select single or dual speeds, 10¥2” 
reel models or 8” spooler accessories. 


te ae 


ALBERTSON, NEW YORK e« PIONEER 7-SO090 


INQUIRIES FOR DIGITAL SYSTEMS ARE INVITED 
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SENECA FALLS 
~ control systems 
and components 


Complete systems available 
from fractional to integral. 
horsepower for control of: 
} 
a wet eaete sae 
[ingge Spe 
eased ania-0.) FP treat at 


In addition to “ii 
complete systems 
we can supply : 


\Seneca Falls Systems 
are equally suitable 

= for the conversion of 
‘6xisting equipment 


“and the control of 
\ 


new equipment. 


INVESTIGATE the unique Seneca Falls MECHANICAL POWER 
AMPLIFIER. It’s a simple, power servo drive in striking contrast to 
the more complex electrical and hydraulic devices. Years of service in 
rugged applications prove its dependability, long life and negligible 
maintenance. Its excellent dynamic response permits the design of 
high sensitivity control systems. 


— Write Dept. C for Bulletin EE1008 and, if pos- 
ENECA 


sible, tell us all you can about your control 


ALLS problem. 
NW, 2 
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Jj(0=}=(tLiiG: SENECA FALLS, MACHINE CO. 
ELECTRONICS DIV. ¢ SENECA FALLS, N. Y. 
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has been developed to bring electronic 
data processing to small businesses. It 
is designed for firms now using 
punched card equipment. Units com- 
prising STEP are a central data proc- 
essor with 26,000-digit capacity, high 
speed reader (450 cards per min) 
punch (150 cards per min), and a 
high speed printer. Monthly rental: 
$3,500.—Remington Rand Univac 
Div., Sperry Rand Corp., New York, 
N. Y. 

Circle No. 351 on reply card 


MINIATURE CONTROLLER 


The M-Line temperature control loop 
is a system that provides all of the 
required instrumentation to measure 
and control a furnace. Instruments 
used are a temperature transmitter; 
single-pen recorder; control system 
using a controller, setpoint unit, and 
auto-manual station; and a magnetic 
amplifier. While the system provides 
maximum flexibility in operation with 
provisions for integrating data han- 
dling and computing equipment, all 
the components are based on a minia- 
ture design concept and consist of 
moder plug-in units. — Leeds & 
Northrup Co., Philadelphia, Pa. 
Circle No. 352 on reply card 


SOLID STATE SCANNERS 


The B-1000 series of electronic scan- 
ning systems provides extremely re- 
liable continuous scanning of func- 
tions, using no relays, stepping 
switches, cr motor driven commuta- 
tors or rotating switches. They per- 
form monitoring, alarming, and re- 
mote station on-off control functions 
from a central station for completely 
unattended operation of power substa- 
tions, pumping plants, pipeline instal- 
lations, etc.—Lynch Communication 
Systems, Inc., San Francisco, Calif. 

; Circle No. 353 on reply card 
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_ OPERATING 
INSTRUCTIONS 
TURN ON Alk SUPPLY 
TO CHECK SCALE ZERO 


1. CLOSE FLOW VALVE © 
OPEN VENT VALVE 
ADJUST SCALE ZERO 
OW GAGE COLUMN 
CLOSE VENT VALVE 


a 


A 
5 


TO READ TANK GAGE 


J. PULL PURGE VALVE 
WOLD GPEN 3 SECONDS 


| 2 SIGHT FLOW imo. BALL 
| SHOULD RfSE To 
| POSITION 2 - RELEASE 


VENT ALVE 


2 OPEN FLOW VALVE 144 
TURN OR UNTIL 
SIGHT FLOW ING. BALL 
RISES TO POSITION 1 


' & REAG TANK GAGE 


Write today for 
Bulletin L-10 complete 
specifications and 
operating instructions. 


NOVEMBER 1960 


integral 
blow-down 


TANK GAUGE 


FOR CONTINUOUS PURGING SYSTEMS 


Now ... FOR THE FIRST TIME... you can specify a 
continuous purge tank gauge and blow-down device with 
all the working parts in one package! It’s easy to clean out 
tank gauging lines with this scavenging method that is 
completely independent of the normal tank gauge operation. 
Just pull one knob to remove condensate, scale and sludge 
from your tank gauging lines connected to either vented 
or pressurized closed tanks. And .. . there’s no need for 
extraneous plumbing! Meriam’s new tank gauge requires 
only two connections to your present system. In hazardous 
areas, the instrument may be located up to 800 feet from 
the tank, depending on the filling and emptying cycle. 
Gauges are available in single or dual blow-down units and 
in compact multiple-tube groups with up to six gauging 
tubes in one assembly. Send for complete specifications 
and operating instructions today. 


MERIANM 


THE MERIAM INSTRUMENT COMPANY 
10903 Madison Avenue « Cleveland 2, Ohio 
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HERE’S HOW THE MERIAM HYDROSTATIC GAUGING SYSTEM WORKS 
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MSA Instruments apply all these principles 














Catalytic Combustion Infrared Analysis Depolarization 


4. 


3. 2. | 8. 6. Te 8. 
(2) ; 
Meee | apo ee? ae 
: La ‘ _— | oe... 
INSTRUMENT DIVISION >| a love 


—_— 


Mine Safety Appliances Company 1. M-S-A® LIRA® Infrared Analyzer Model 200 2. M-S-A® LIRA® Infrared Analyzer Model 300 3. M-S-A®inert 


. . Gas Analyzer 4. M-S-A* Combustible Gos Analyzer 3. M-S-A® Thermotron Anclyzer 6. M-S-A® Oxygen 
Pittsburgh 8, Pennsylvania Indicator 7. M-S-A® Water Vapor Recorder 8. M-S-A® BillionAire* Analyzer 9. M-S-A® Process Refractometer 


*Trademark 





for dependable process stream analysis 


OL/IITILIII//1 
GIILIIITIIILI//11. 


lonization: Now MSA simplifies con- Refraction Thermal Properties 
trol of contaminants in the parts per 

billion to parts per million range. The 

new M-S-A® BillionAire* Analyzer is 

the hypersensitive instrument. 

It’s already at work in air pollution 
studies, process monitoring and contin- 
uous measurement of toxic gases in air. 

Except when measuring oxygen in 
low concentrations, the instrument is 
sensitized for a specific problem by re- 
acting the gas of interest with a reagent 
system to convert that gas to an aerosol. 
The aerosol passing through the ioniza- 
tion chamber changes its electrical con- 
ductivity which unbalances a bridge 
circuit in proportion to concentration. 
This in turn is indicated by an integral 
meter or recorder. 

This same brand of instrument ingen- 
uity is evident in all of the other tech- 
niques applied by ; 
Mine Safety Appli- 
ances Company. The 
versatility of these 
techniques is sym- 
bolized in the illus- 
trative panel above. 

One or more of 
these approaches 
could help you. Let’s 
talk about your proc- 
ess problem. Invite 
an MSA Instrument 
Specialist to call. And 
write for new M-S-A 
BillionAire Analyzer 
bulletin or any of our 
other process stream 
analyzer literature. 





Diagram for determining outlet concentration of a counter current multi-stage oxidizer 
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* Simultaneous Equations 
> Solved: 








417% YL yt) 
L 





AQ, |" (ei 4-*) 


Po, 





eeseeeeeeeseeoseeeoeoeeee 


9, +1) = 9% 5 AQ, 

















= % (141 
el ait) 


Qn + 8 (+1) 








walt Samet f 
m,! i i+] 


In % 


Yi+1 


Seeeeeeeeeeseeeeeeeeee 








SSSSSSSSSSSSSESSSSSSSSSESESESSSEHSEEOESEEE 


eeeeeeeeeeeoeoeoeoeoeeeee 





—Qoa(i+ |) 
«ere eae 
One +Q02+1) 9’ *! 








—Qo2(i+!)+Qnz 


Multi-Stage Oxidation Problems Solved in Seconds 


with DY SYLAVG Computer! 


Dynamic memory and high-speed repetitive operation 
exclusive with DyYSTAC analog computers offer the 
simplest, most accurate, lowest-cost way of solving 
multi-stage oxidizer problems. Now, with DYSTAC, any 
desired specifications can be selected for a given prob- 
lem. Solutions are achieved at a continuous frequency 
of 60 cycles per second with an accuracy of +0.1%. 


A computer is judged by the problems it solves. 
Here are some problems which DysTAc will solve in 
20 seconds. 


e multi-dimensional partial differentials (steady state or 
transient) 


¢ sequential, successive solutions for algebraic matrices at 


Size of DYSTAC is independent of the number of stages 
since its dynamic memory permits time sharing of 
computing elements. Its solution time for a given set 
of operating conditions is only a few seconds for 10 
stages. 

Whether your problems are dynamic or static, 
covering costs, design or production control in: 
Operations Research, Chemical Kinetics, Structures or 
Hydrodynamics, DYSTAC can solve them faster, more 
accurately and more economically than any other 
computer. 


60 to 100 cps 
¢ definite integral calculations 


¢ multiple integrals and partial differential equations. .. or 
any combination of these problems 


Send for detailed report “Counter Current Multi- 
Stage Oxidation.” Learn how 
DYSTAC cuts time and costs in 
solving complex problems that 
up to now defied either analog 
or digital computer solution. 


—Ss COMPUTER SYSTEMS, INC.., culver Road, Monmouth Junction, N. J. * DAvis 9-2351 


A Schlumberger Subsidiary e« formerly Mid-Century Instrumatic Corp. 
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COMING 
NEXT MONTH 


Specifying Reliable 
Monitoring Systems 
Experience gained in nuclear 
reactor monitoring can be use- 
ful across the field. 


Operation and Analysis 
of Incremental Servos 
Second article in series of five 
examines operation and dynamics 
of basic steppers. 


Hints for Improving 
Relay System Reliability 
Tests show that often over- 
looked relay application factors 
greatly effect reliability. 


Infrared Analyzer 
Controls Hydrecarbon 
Extraction Process 
Closed-loop control with stream 
analyzer upgrades product value, 
saves on lab costs. 


Digital Logic Eases 
Length Measurement 
Pulse circuitry compensates for 
skew and strip speed in sheet 
measurement. 


Instant Data Processing 
for Wind Tunnel 

Interrupt feature on IBM 709 
and high speed transmission link 
speed test data. 


Proposed: Two-Line 
Hydraulic Diagrams 
System design and logical analy- 
sis are simplified by hydraulic 
diagrams that look like electrical 
schematics. 


No 
Postage Stamp 
Necessary 
If Mailed in the 
United States 


Postage 
Will be Paid 
| by 


Addressee 
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TURN PAGE 


to Get More 
information About 


Advertised products 


2. New product items 
3. Catalogs and Bulletins 
Editorial reprints 


All advertisements, new products, and literature items are numbered for your convenience. 
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* : NEW SUBSCRIPTION APPLICATION CARD 


Get YOUR own 


personal copy each month. 


Complete and mail 


this card TODAY! 


Home Address 


Yes! | want my own personal copy of CONTROL ENGINEERING every ON- 
month. Enter my subscription at once for 1 year at $5. [_] New [_] Renewal 


Check here if you prefer:- [] 3 years at $10 (You save $5) 


[] Payment enclosed [] Bill me (]} Bill company 


Name POO GR ener: 











City. 








Cc y Nome 


’ Product Manufactured or 
Service Performed by Company——_—_$__ - 
BUSINESS ADDRESS 














Street City. State Zone 
() Check here if you wont publication sent to business address 














Please print — and fill out completely for best service 
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1. SYSTEMS 


Advertisements 


2—Solid-state missile checkout, p. 2 
13—Electronic process controls, p 12 
20—Thrust control system, p. 20 
23—Engineered data systems, p. 22 
25—Control system planning, p. 24 
71—Ultrasonic detection system, p. 71 

172—Monitor-alarm system designed for 
process industry needs, p. 172 

184—Svstems and components for positioning 
applications, p. 184 

185—Hydrostatic gaging system, p. 185 

204—Infrared control system, p. 204 

214—Custom system and panel work, p. 214 


New Products 


351—Data processing system 
small businesses, p. 184 

352—Furnace temperature system, p. 184 

353—Electronic scanning systems, p. 184 


designed for 


Catalogs and Bulletins 


401—Data handling system at work, p. 194 
410—Extruder measurement problems, p. 195 
422—Materials handling systems, p. 196 
426—Density control system, p. 196 
428—Development of automation, p. 197 


2. DATA HANDLING AND 
DISPLAY EQUIPMENT 


Advertisements 


6—Memory drum line, p. 6 
7—Direct writing recorders, p. 7 
11—Simple-to-use scopes, p. 11 
21—Magnetic disc memory, p. 21 
26—Fast response tape unit, p. 26 
36—Punched tape equipment, p. 36 
46—Easy loading oscillograph, p. 46 
47—Writes 50,000 ips, p. 47 
51—Added page printer control, p. 51 
54—Binary to decimal display, p. 54 
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57—Solid state tape recorder, p. 57 
59—Versatile digital voltmeter, p. 59 
76—Flexible recorder design, p 76 
134—Random access memory, p. 134 
148—Fine trace, 8-channel direct writing 
recorder, p. 148 

160—Industrial annunciator line, p. 160 
162—Simpler computer operation, p. 162 
167—High-speed events recorder, p. 167 
177—Small multipoint recorder, p. 177 
183—Perforated tape reader, p. 183 
193—High speed printers, p. 193 
195—Versatile desk calculator, p. 195 
197—Compact digital display, p. 197 
201—Digital readout applications, p. 201 
221—Miniature millivolt recorder, p. 221 
225—Packaged airborne computers, 2nd cover 
232—High speed card reader, p. 214 
240—lIn-line digital readouts, p. 220 


New Products 


310—Digital telemetering system, p. 165 
311—Linear count rate meter, p. 166 
312—Versatile tape converter, p. 166 
313—Decade counting tubes, p. 166 
314—A/D and D/A converter lines, p. 166 
315—High-speed x-y plotter, p. 166 


Catalogs and Bulletins 


400—Computer application data, p. 194 
406—Shift register theory, p. 194 
420—Film on memory devices, p. 196 


3. RESEARCH, TEST, AND 
DEVELOPMENT EQUIPMENT 


Advertisements 


5—Frequency period meter, p. 5 
63—Universal servo analyzer, p. 63 
85—Portable level system, p 85 
94—Fast analog computation, p. 94 
102—Versatile analog computer, p. 102 
187—Stream analyzer line, p. 186 
188—Typical computer problem, p. 188 

205—Compact analog computer provides 
Bode phase and gain plots, p. 205 

223—Pulse waveform generator, p. 223 

236—Precision autocollimator, p. 217 


New Products 


316—Universal ac potentiometer, p. 169 
317—Expanded scale voltmeters, p. 169 
318—New CRT for oscilloscopes, p. 170 
319—System checkout unit, p. 170 

320—Electronic system analyzers, p. 172 


Catalogs and Bulletins 


404—Pulse generator applications, p. 194 
408—Adsorption phenomena described, p. 194 
419—Chromatograph application, p. 196 
433—Precision test instruments, p. 197 
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Advertisements 


18—Dual bellows meter body, p. 18 
28—Indicating magnetic flowmeter, p. 28 
40—Direct reading strain gages, p. 40 
49—Non-ambiguous encoders, p. 49 
77—Submarine periscope system, p 
81—New A/D converter handles five million 
samples per sec, p 81 
84—Corporate name change for flow instru- 
ment manufacturer, p. 84 
89—Complete manometer line, p. 89 
101—Motion-balance transmitter, p. 100 
154—Magnetic flowmeter applied, p. 154 
166—Foul-proof pressure transmitter, p. 166 





ADVERTISEMENTS Mail Before February 1,1961 


15 29 43 57 71 85 99 113 211 225 239 253 267 281 295 
16 44 58 72 86 100 114 212 226 240 254 268 282 296 
17 31 45 59 73 87 101 115 213 227 241 255 269 283 297 
18 32 46 60 74 88 102 116 214 228 242 256 270 284 298 
19 33 47 61 75 89 103 117 215 229 243 257 271 285 299 
20 34 48 62 76 90 104 118 216 230 244 258 272 286 300 
21 35 49 63 77 91 105 119 217 231 245 259 273 287 301 
22 36 50 64 78 92 106 120 218 232 246 260 274 288 302 
23 37 51 65 79 93 107 121 219 233 247 261 275 303 
24 38 52 66 80 94 108 122 220 234 248 262 276 304 
25 39 53 67 81 95 109 123 221 235 249 263 277 305 
New Products 26 40 54 68 82 96 110 124 222 236 250 264 278 306 

27 41 55 69 83 97 111 125 223 237 251 265 279 307 
321—Capacitance level indicator, p. 17 28 42 55 70 84 98 112 126 224 238 252 266 280 308 


322—-Linear motion potentiometer, P- 173 NEW PRODUCTS a BULLETINS REPRINTS 
323—Low-cost motion detector, p. 173 


324—Strai ¢ pressure pickup, p. 173 309 320 331 342 353 364 375 452 463 474 485 496 507 
325—Differential Seaman ene 173 310 321 332 343 354 365 376 453 464 475 486 497 508 
$25 Plintorondieniive YR detaches p. 174 311 322 333 344 355 366 377 454 465 476 487 498 509 
» P- 312 323 334 345 356 367 378 455 466 477 488 499 510 

: 313 324 335 346 357 368 379 456 467 478 489 500 511 

Catalogs and Bulletins 314 325 335 347 358 369 380 457 468 479 490 501 512 
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416—Platinum temperature probes, p. 195 318 329 340 351 352 373 384 461 472 483 494 505 516 
417—New servo accelerometers p. 195 319 330 341 352 363 374 385 462 473 484 495 506 517 


430—Thermocouple buyer’s guide, p. 197 


174—Precise pressure transducers use 
unbonded strain gage pair, p. 174 
180—New gage for high-pressure, low-differ- 
ential indication, p. 180 
194——-Manometers for lab and plant, p. 194 
202—New metal film strain gages, p. 202 
218—Transducers for rugged duty, p. 218 
233—Sensitive vibration pickup, p. 215 
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15—Accurate pneumatic timer, p. 14 

7—New dry reed relay line, p. 17 175—Solid-state inverter line, p. 175 75—High performance Size 8 motor, p. 75 
53—Transistorized temperature control, p. 53 212—Three new power pack series, p. 212 83—Control valve checklist, p. 83 
56—Easily installed relays, p. 56 234—Ultra-stable power supply, p. 216 93—Piston-type valve actuator, p. 93 
64—General purpose switch line, p. 64 96—Control valves featuring highest flow 
66—Dependable “E” type relay, p. 66 New Products coefficients available, p. 96 
73—Relays for immediate delivery, p. 72 , i ; ' 77 138—Inertially<damped servomotors, p. 138 
80—Mimuature sealed relays, p. 80 pone pms supply, e 179—Instrument ceaien line, p. r 79 
145—Three-mode control units, p. 144 336—Unia er pu L seogpend wr igs oe or si 182—Airborne synchro positioner, p. 182 
152— Reliable AB and ABC relays, p. 152 ee et See ee 210—Magnetic particle clutch, p. 210 


168—Transistor switching package, p. 168 337—De power for display tubes, p. 178 229—Stepping motor application notes, p. 210 


173—Rugged subminiature relay, p. 173 Catalogs and Bulletins 243—Electrohydraulic valve actuator, p. 215 


178—Timer and relay line, p. 178. 
181—Easy-to-use timer switch, p. 181 434—Operation of fuel cells, p. 197 New Products 
199—Unusual relay application, p. 199 : 
338—Manifold mounting valves, p 


203—Digital code clock, p. 203 17 
209—New stepper relay design, p. 209 7. ACTUATORS AND FINAL 339—Adjustable speed drives, p. ag 


215—Antenna type relays, p. 215 CONTROL ELEMENTS 340—Explosion proof motor, p. 18( 
219—Automatic recycling control, p. 219 341—Compact variable speed drive, p. 180 
217—Wide relay line, p. 217 Advertisements : 

216—Time delay sechade switch, p. 216 ; Catalogs and Bulletins 

224—Mercury displacement relays, p. 224 9—Electropneumatic positioner, p. 8 471—-New no ten - 
227—Telephone type relays, p. 178 41—Compact dc torquers, p. 41 425—Clut, a de OF SOF b ug valves, p. 19 
230—Improved power eclays, p. 212 48—Precision servomotors, p 25 utch design and operation, p. 6 
231—Automatic sequencing controls, p. 213 50—Wide control valve line, p. (Continued on page 193) 
235—Universal counter-timer, p. 216 
237—Thermocouple selector switch, p. 218 
238—Electronic level controls, p. 219 
239—Time delay relays, p. 219 


New Products 


309—Printed contact relay, p. 165 
327—Pneumatic timing relay, p. 174 
328—New type crossbar switch, p. 174 
329—Compact solid-state relay, p. 176 
330—Silicon controlled switch line, p. 176 
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332—Rotary selector switch, p. 176 23 37 51 65 79 107 121 149 163 219 233 247 261 275 289 
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402—Turbine supervisory controls, p- 194 28 42 55 70 84 112 126 154 168 224 238 252 266 280 294 
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ie What is ANELEX 
High Speed Printing? 


Z\ Up to 320,000 numeric or 240,000 alpha-numeric char- 
acters per minute. 


Z\ Perfect alignment, fully formed characters, multiple copies 
and precise conformity to the most complex preprinted forms. 

A Reliability proven by ten years’ experience and assured by 
use at Scientific, Military, Commercial, Industrial, Insurance 
and Banking installations. 


Anelex High Speed Printers print from magnetic tape or 
“on-line” from data processing systems ... on single or 
multiple carbons, pressure sensitive papers, heat transfer type 
papers, preprinted forms or card stock. All Operator Controls 
are easily manipulated by office personnel without specialized 
experience or skills. 


For systems designers, Anelex Printers provide the widest 
possible choice of capabilities, because standard production 
modules can be combined to meet almost any specifications 
as to: operating speeds (up to 2,000 lines per minute), number 
of columns (8 to 160), number and type of characters per 
column (up to 66) dimensions of pre-printed forms (up to 
20” x 22”). 


for further information, write or telephone 


ANELEX CORPORATION 


150-D CAUSEWAY ST., BOSTON 14, MASS. 
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King MANOMETERS 
FOR PLANT AND LAB 


give UNFAILING ACCURACY at MINIMUM COST 
in measuring PRESSURE, VACUUM and FLOW 


King Manometers are used throughout industry for measuring 
pressure, vacuum, differential pressure, and pressure-related phe- 
nomena. They operate as a liquid-filled U-tube (the basic reference 
standard for pressure measurement) - - have no mechanical moving 
parts. Their readings pee solely on the force of gravity, the 
specific gravity of the indicating liquid, and the pressures 
applied. Thus, they are unfailingly accurate - - and they 
permit exact duplication of operating conditions. 

In addition, King Manometers are inexpensive, easy to 
install, cost nothing to operate, and require practically no 
maintenance. 








TYPES and SIZES for EVERY SERVICE: 





U-Type Manometers 


Single cleanout (shown at right) ; double cleanout; 
with 3-valve manifold; inverted. 


Well-Type Manometers 


Low-well (shown at left); raised-well; adjustable- 
well; barometric; instrument test (8-scale); flow- 
meter, 


Multi-Tube Manometers 


With individual wells in fixed position; with com- 
mon wells, fixed or adjustable; Photo-Manometers. 


Inclined-Tube Manometers 


General-utility (shown below); 
high-precision; draft gauges. 


FEATURES Include— 


@ Wide choice of range (6” thru 130”), 
scales, liquids, mountings and materials. @ 
Sturdy construction. @ Easy cleanout. @ Full 
line of accessories. 


MANOMETER CATALOG 2008 explains basic 
principles; simplifies manometer selection; 
shows complete line of manometers, acces- 
sories and indicating liquids. Write for it. 
































| Fa 


whl’ KING ENGINEERING CORPORATION 


3203 S. State St. Ann Arbor, Michigan 
DISTRIBUTORS IN 26 PRINCIPAL INDUSTRIAL CENTERS 
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BULLETINS AND 
CATALOGS 


(400) COMPUTER APPLIED. Com- 
puter Div., Bendix Corp. Application re- 
port. Covers applications of the company’s 
G-15 digital computer in highly diversi 
fied companies and mechanical engineering 
firms. Installations described represent 
some of the many successful methods of 
using computers for mechanical engineer- 
ing work. 

(401) DATA HANDLING SYSTEM 
Leeds & Northrup Co. Application Data 
Sheet N-7(2), 4 pp. Shows how a new 
600-channel sequential data handling sys- 
tem is now being used to monitor the 
bearing, boiler tube, and condensate tem- 
peratures of a 290-Mw boiler turbine-gen- 
erator unit. Explains the operatior.s of the 
complete system, including both logging 
and alarm units. 

(402) SUPERVISORY CONTROLS. 
General Electric Co. Bulletin GEZ-3078, 
12 pp. Describes the company’s new su- 
pervisory instrumentation for use with in 
dustrial turbines. Also includes details on 
the system’s ability to monitor vibration, 
shaft eccentricity, shell and differential ex 
pansion, speed and valve positions. 

403) TRANSDUCER CATALOG. Stat- 
ham Instruments, Inc. General Catalog, 
32 pp. Provides concise descriptions of 
Statham pressure transducers, linear and 
angular accelerometers, load cells, ampli- 
fiers, power supplies, bridge balances, strain 
gages, and force/displacement transducers. 
Easy-to-read selection charts keyed to in- 
strument ranges facilitate equipment selec- 
tion for specific user requirements 

(404) PULSE GENERATOR DATA. 
Valor Instruments, Inc. Booklet, 12 pp 
Describes typical applications of pulse 
generators with particular emphasis on 
high speed transistorized circuits. Also 
explains the features, advantages, and 
limitations of a new solid-state pulse gen- 
erator designed for use with transistorized 
circuitry. 

(405) STEPPING SWITCHES. C. P. 
Clare & Co. Catalog 202, 40 pp. Covers 
Clare’s complete line of spring-driven, 
cam operated, and direct drive stepping 
switches. Construction features, circuitry, 
and performance characteristics are thor 
oughly discussed. 

(406) WIDE-WIDTH SHIFT REGIS 
TERS. Magnetics Research Co. Engi 
neering bulletin, 4 pp. Includes informa 
tive technical discussion of “‘wide-width” 
theory, as well as circuit diagrams explain 
ing the function of a unique data control 
circuit which reduces equipment require- 
ments to one core per bit 

(407) COMPUTING RESOLVERS. 
Theta Instrument Corp. Illustrated mono- 
graph, 16 pp. Reviews the character 
istics of computer resolvers, defines impor- 
tant properties such as function error and 
axis error, and describes basic measure 
ment techniques. 

(408) SURFACE AREA MEASURE- 
MENT. Perkin-Elmer Corp. Specifica 
tion sheet, 4,0p. Describes the company’s 
Model 2i2 Sorptometer, an instrument 
designed for rapid, accurate measurement 
of surface areas of solids and other adsorp- 
tion phenomena. Covers operation, con- 
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struction, theory, and specifications. 
(409) GAGE PRESSURE PICKUP. In- 
strument Div., Bourns, Inc. Bulletin No. 
3041/G/O, 2 pp. Contains the latest in- 
formation on a new Model 304 gage pres- 
sure transducer, a unit which incorporates 
a Bourdon tube as the pressure sensing 
element. Also includes a table of specifi- 
cations and dimension drawings. 

(410) EXTRUDER MEASUREMENT. 
Industrial Nucleonics Corp. Brochure 
PL-560, 12 pp. Deals with the methods 
of measuring and automatically controlling 
the three significant thickness variables of 
extruded plastic materials: long term ma- 
chine direction variations, short term 
machine direction variations, and profile 
variations. Further describes AccuRay 
measurement and control systems de- 
signed to minimize these variations, 
thereby increasing yield and uniformity. 
(411) SEMICONDUCTOR PROD 
UCTS. Motorola Semiconductor Prod 
ucts, Inc. Brochure, 12 pp. Attractive 
four-color brochure describes the com- 
pany’s complete line of industrial and 
military semiconductor products. Lists 
key specifications on germanium power 
transistors, audio and switching transis 
tors, silicon and germanium mesa_tran- 
sistors, silicon rectifiers, and zener diodes 
(412) SUPER ALLOY TUBE. Superior 
Tube Co. Bulletin No. 71, 16 pp. Using 
text, tables, graphs, and photographs, this 
16-page bulletin serves as a short edu 
cational course on super alloy tubing. It 
explains how its resistance to high tempera- 
ture makes the tubing a valuable engi 
neering material in aircraft and missile 
design and has led to its use in such tvoi 
cal applications as hot gas generators, 
hot gas ducts, engine parts, and hydraulic 
lines of all kinds. 

(413) PRESSURE GAGES. U. S. Gauge, 
Div. of American Machine & Metals, 
Inc. Bulletin 3020, 6 pp. Mlustrates typi- 
cal examples from a complete product 
line. These include pressure gages, test 
gages, thermometers, and controllers. 
(414) NEW SYNCHRONOUS MO. 
TORS. The Superior Electric Co. Folder 
SE-L2604, 8 pp. Contains technical char- 
acteristics, specifications, ratings, and out- 
line dimensions of four new Slo-Syn syn 
chronous motors. Torque ratings include 
50, 150, and 250 oz-in. 

(415) HYDRAULIC PRODUCTS. Vick- 
ers, Inc. Div. of Sperry Rand Corp. 
Catalog 5001C, 74 pp. Covers both new 
and standard lines of hydraulic products 
for the industrial, marine, and ordnance 
fields. Equipment lineup includes: power 
packages, servovalves, servosystems, vane 
piston pumps, pressure flow and direc 
tional controls, control assemblies, hy- 
draulic motors, variable speed drives, and 
hydraulic cylinders. 

(416) TEMPERATURE PROBES. Rose 
mount Engineering Co. Catalog No 
66030, 8 pp. Illustrated two-color book- 
let contains specifications and descriptions 
on a number of precise platinum tempera- 
ture transducers, pressure transducers, 
pitot-static tubes, and signal conditioning 
and accessory equipment. Temperature 
probes cataloged include 36 different aero- 
dynamic immersion and surface types 
(417 ANGULAR ACCELEROME 
TERS Donner Scientific Co., Sub. of 


NOVEMBER 1960 


THE CALCULATOR 


THAT 


EXTRACTS 


SQUARE ROOT 
AUTOMATICALLY! 
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1. On the keyboard, enter the 
figure from which the root is 
to be taken. 
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3. Aantal, the square 
root will appear in the dials. 
Time required: just seconds. 
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Meet Friden’s SRW —the Thinking Machine 
of American Business. It’s a complete desk 
calculator in every way. But it also extracts 
square root automatically at the touch of a 
single key. And it’s the only calculator that can! 


If you now waste valuable productive time 
extracting square root by old-fashioned 
methods, put in an SRW and watch it pay 
for itself. Call your Friden Man or write to 
Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: 
Automation so hand-in-hand with practicality 
there can be no other word for it. 


© i960 rnioen, we. 


riden 


FRIDEN, INC., GALES. INSTRUCTION, SERVICE 
THROUGHOUT THE U.S. AND THE WORLD. 
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THE ONLY 


TATISTIGAL-ANALOG COMPUTER 


{ 


af 
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The GPS Statistical-Analog 
Computer is without a doubt 
the most advanced in the state 
of the art, and is in 

every sense of the meaning. . . 


The basic GPS computer is a compressed 
time-scale analog computer which oper- 
ates 3000 times faster than real time. A 
solution is generated and repeated auto- 
matically at rates up to 50 times/sec. As 
many as 3000 independent runs or solu- 
tions can be statistically evaluated in a 
minute of time. 


With the GPS computer you eliminate 
the drudgery of routine analyses, the end- 
less footage of data recording, and the 
subsequent tedious data reduction. 


Because of the new design principle 
and inherent versatility, the GPS com- 


F 


AVAILABLE 


> 


> 


A TRULY HIGH-SPEED, HIGH 
CONFIDENCE-LEVEL COMPUTER 
A TREMENDOUS 

TIME AND MANPOWER SAVER* 


UNRIVALLED OR UNEQUALLED 
IN PERFORMANCE 


q >» VERSATILE IN APPLICATION 


puter provides immediate computation of 
the statistical and dynamic characteristics 


of: 


Missile guidance and control systems 
Radar systems in general 
Process and quality control 


Flight control 


| Dette | 


*An analysis of a missile miss-distance was 
conducted at the GPS COMPUTER CEN. 
TER by the research laboratory of a large 
aircraft firm. Their report stated that, °'25 
times as much data (with higher confidence- 
level) was collected in one week on the 
GPS computer as was collected and analyzed 
in 4 months time on a slow-speed computer”’ 


Our engineers are ready to assist you. 
For further details please write or call Dept 21 


INSTRUMENT CO., Inc. 


180 NEEDHAM STREET 


* NEWTON 64, MASS. 





Bulletins & Catalogs 


Systron Donner Corp. Folder, 6 pp. 
Covers features, operation, application, 
and specifications dealing in the com- 
pany’s Model 4525 angular servo acceler- 
ometer, in both liquid and gas-filled con- 
figurations. [Illustrations include photos, 
outline drawings, and a single operational 
diagram. 

(418) ELECTRICAL CONNECTORS 
The Superior Electric Co Bulletin 
PR259-1, 12 pp. Includes technical in- 
formation, ratings, and over-all dimensions 
on a new line of single conductor plugs 
and receptacles. Printed in four colors 
bulletin describes all 25, 50, 100, and 
250-amp types offered. 

(419) APPLIED CHROMATOGRA 
PHY. Beckman Instruments, Inc. Appli 
cation Data Sheet GC-8067-F, pp 
Describes the use of a Beckman GC-2 gas 
chromatograph in the analysis of flavor 
components in beer. Tells how the an 
alyzer tracks changes in volatiles which are 
continually taking place during the beer- 
making cycle. 

(420) FILM ON MEMORIES. Bell 
Telephone Laboratories, Inc. Booklet, 24 
pp. Describes a 27-min sound-color mo 
tion picture on memory devices. This 
16-mm film, aimed at science and engi- 
neering groups, covers fundamental con 
cepts and eleven different types of ma- 
chine memories. 

(421) VALVE OPERATOR. Philadel- 
phia Gear Corp. Bulletin 7A-60, 8 pp 
Deals with the construction and perform- 
ance of a new 

oscillating vane-type hydraulic motor de- 
signed for use on plug valves in gas pipe 
lines. 

(422) MINING EQUIPMENT. Fuller 
Co. Bulletin G-11, 4 pp. Pictures and 
describes equipment designed to increase 
automation in the nonmetallic mining 
and manufacturing industries. Bulletin 
summarizes the capabilities of the com- 
pany’s pneumatic conveyors, compressors, 
pumps, blowers, coolers, preheaters, con 
trol panel, level indicators, and other 
equipment. 

(423) QUALITY TUBING. — Superior 
Tube Co. Bulletin No. 372, 12 pp. Pre 
sents details on the features of the com 
pany’s line of small diameter metal tubing 
for fluid handling lines, engine applica- 
tions, aircraft and missile instrument .ap- 
plications, and for airframe application. 
Handy table lists results of tests on various 
types of hydraulic and fuel line tubing 
(424) MOTOR SELECTION. General 
Electric Co. Form GED-3909A. This 
handy 3 x 7 in. pocket-size card provides 
a quick reference to frame size and book 
price for ac motors from 3? to 125 hp 
Covers both drip-proof and totally enclosed 
fan-cooled squirrel cage motors 

425) LOW-COST CLUTCH. Vickers, 
Inc. Bulletin EPD 6106-5, 4 pp. Offers 
details on the construction and operation 
of a new dry magnetic particle clutch hay 
ing a rated output of 10 lb-ft. Other 
information includes dimensions, specifica 
tions, performance curves, and schematic 
of a simple electrical control 

(426) SLUDGE DENSITY CONTROL. 
The Ohmart Corp. Bulletin SD-1, 2 pp. 
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Explains how the density of sludge in 
sewage treatment plants is automatically 
controlled. Illustrations include a sche 
matic showing a positive density control 
system for sludge pumping and another 
showing the components of a density 
meter system 

(427) ELECTRIC CONTROLLER 
Minneapolis-Honeywell Regulator Co 
Specification FS-301-9, 6 pp. Describes 
Honeywell's new ElectriK ‘Tel-O-Set indi 
cators and indicating control stations for 
the continuous indication and recording 
of standard 4-20 made output signals. Con 
troller specifications, dimensions, and sp« 

cial features are included. 

(428) UTILITY AUTOMATION. Gen 
eral Electric Co. Publication GEA-7044 
24 pp Contains information concerning 
the 50-year development of automated 
equipment and systems for electric utili 
ties. Bulletin describes all phases of sys 
tcm operation and traces the utilities’ use 
of automated equipment back to the un 
attended rotary converter stations used for 
street railways in 1910 

(429) SEALED SWITCHES. Control 
Switch Div., Controls Co. of America 
Catalog No. 130, 18 pp. Contains com 
plete engineering and technical details 
on all of the company’s hermetically-sealed 
and environment-free switches. One sec 
tion shows how modular construction 
permits the selection of actuator, termina 
tion, housing, and operating character 
istics that best suit a particular need 

430) THERMOCOUPLE GUIDE. Th 
Bristol Co. Bulletin T1238, 56 pp. A new 
edition of Bristol’s ‘Buyers’ Guide and 
Users’ Manual”, covering thermocouples 
and pyrometer accessories, is now avail 
able. Divided into three sections, bulletin 
outlines possible applications for the com 
pany c PS rometer accessories, catalogs speci 
fications covering this equipment, and 
contains eight full pages of thermocouple 
calibration data 

(431) GEAR SPECS. PIC Design Corp 
Technical booklet No. 5, 32 pp. Covers 
specifications and standards for low-energy, 
custom made certified military-type fine 
pitch spur gears. Specification section out 
lines military inspection, manufacturing, 
and quality control specifications. 

(432) ELECTRONIC HARDWARI 

Lerco Electronics Inc. Catalog 32, 32 pp 
Contains complete specifications and or 
dering information for standard and insu 
lated terminals; terminal boards; eyelets, 
stand-offs, shaft locks, and miscellaneous 
hardware; handles and control knobs; and 
custom engineered products 

(433) TEST EQUIPMENT. Precision 
Apparatus Co., Inc. and Pace Electrical 
Instruments Co., Inc. Catalog No. 28, 20 
pp. Issued jointly by these two companies, 
catalog: describes Precision’s line of elec 
tronic test equipment and Pace’s panel 
meters for industrial and communications 
applications. Details include both elec 

trical and mechanical specifications 

434) FUEL CELL OPERATION. Pratt 
& Whitney Aircraft Div. of United Air 
craft Corp. Brochure, 12 pp. Contains a 
compact description of the operation and 
application of fuel cells, electrolytic cells 
in which the chemical energy of basic 
fuels is converted directly into electric 
current, 
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DIGITAL DISPLAY DOES THE WORK OF 


ACTUAL SIZE 


NEW KEARFOTT DIGISTROBE* DISPLAY 


Kearfott’s new, highly compact Digistrobe digital display 

utilizes the stroboscopic principle to produce an exceptionally 
high-definition readout in the actual size shown here. 

Through the use of a unique shutter arrangement, a single 
diode-encoding matrix is shared by all columns (5 in the standard 
model), resulting in substantial savings in electronic components 
and circuitry. The fast response time of the Digistrobe 

(56 milliseconds transition from one five-digit quantity to a totally 
different one) permits a single unit to sample several different inputs 
on command through an input selector switch. Up to 15 
individual displays of existing types can thus be replaced 

by a single Kearfott Digistrobe! 


Incorporating only two moving parts and exclusively solid-state 
switching circuitry, the Digistrobe has extremely long life expectancy 
and requires minimum maintenance and service. Operation 

is directly from the output register of a computer, counter or 

allied equipment, eliminating the cost of intervening circuitry. 

Two years of extensive laboratory tests assure compliance 

with Kearfott’s rigid standards of quality. For complete data 

and specifications, write for Digistrobe bulletin. 


*Kearfott Trademark 


KEARFOTT DIVISION 
D GENERAL PRECISION, INC. 





Little Falls, New Jersey 
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INPUT Model 750 Analog 
Programmer — Gen- 


erates a voltage corresponding to an arbitrary 
function drawn on graph paper: ramp, sine, 
square and triangular function generators 
also available. 





ELECTRONICS Model 601 Servo 
Amplifier — Pro- 

yides summing, amplification and feedback 
circuitry for driving any electro-hydraulic 
servo valve. Other standard and special AC 


or DC amplifiers and demodulators also 
available. 





SERVO VALVE Model 244 Electro- 





Hydraulic Servo 
Valve — 0-50 gpm, 3000 psi valve designed 
for rugged, industrial use. Incorporates 
powerful, long-life Model 104 Torque Motor. 
Other servo valves available from 0-1 to 
0-400 gpm and to 5000 psi system pressure. 








oh) ACTUATOR Model 500 Hydraulic 


Actuator — Com- 
pletely instrumented. Can incorporate servo 
valve manifold, filters, solenoids, overload 
protection, AC or DC feedback devices. 
Other linear or rotary hydraulic actuators 
can also be supplied. 











5 FEEDBACK Model 690 Dynamic 





Position Meter — 
Provides feedback voltage and readout as a 
function of load position. Other feedback 
units available for sensing pressure, flow, 
force, velocity, attitude and other parameters. 





WHAT‘’S NEW 


(Continued from page 54 


esting complex wiring, and Numill, 
a numerical control for positioning 
and path control of machine tools. 

A recent spurt in sales of RECC IMP 
II has boosted sales of this unit to well 
over 30 in the highly competitive 
small computer field. Installations of 
the computer vary widely, a most un- 
usual one being a computing-control 
stint at Phillips Petroleum’s ethylene 
plant in Sweeney, Tex., where Au- 
tonetics joined with Phillips in an ex 
perimental control program (CtE, 
Sept. 60, p. 150). 

A 10-percent increase in ethylene 
production resulted from using the 
computer first for process analysis and 
testing to develop the best way to run 
a thermal cracking furnace. Employ 
ing this data, just a few month’s pro- 
duction paid for the entire experi- 
mental effort. Plans call for further 
use of RECOMP II to evaluate com 
puter control for petroleum and 
chemical processes. 

¢ Scandinavian cooperation—An im 
portant aid to NAA’s hopes for 
RECOMP II came with an agreement 
concluded by the Industrial Products 
Div. with Facit Electronics, a subsid 
iarv of Atvidabergs Industrier of Stock- 
holm. Terms of the agreement call 
for the manufacture and distribution 
of Facit electronic computer acces 
sory equipment by Autonetics in 
North America. The Swedish firm 
will have similar rights to RECOMP 
II and NIFTE in the Scandinavian 
countries. Facit’s peripheral equip- 
ment includes high speed paper tape 
punch and reader equipment and a 
fast direct access magnetic tape unit 

E. A. Holmes, III, director of the 
Industrial Products Div., is enthu 
siastic over this cross-licensing agree 
ment. “Facit’s excellent peripheral 
equipment will give us a solid com- 
petitive assist in the expanding small 
computer market,” he says. “In the 
next several months, as part of our li- 
censing agreement, we will also in- 


troduce Facit’s high speed computer 
AM & C can provide all of the elements for successful servo control — from writer. This particular piece of equip- 
the engineering and production of unique electronic, electro-hydraulic and ir i. > 
electro-mechanical components to complete integrated system “packages’’ to do ment will round out our RECOMI 
a specific job. If your problem involves instrumentation or automatic control II package and put us in a competitive 
of position, speed, pressure, flow, or force, our engineers can assist you. position second to none,” he goes on. 
Telephone or write: Purchase price: of the computer is 
$95,000; lease: $3,000 per month. 
Currently Autonetics has eight sales 
and service offices in major U:S. cities, 


AMERICAN MEASUREMENT & CONTROL, INC. | 
Subsidiary of CompuDyne Corporation but plans call for a total of 26. Also 
WA L T H A M 5 4 M A S S AC H U S E T T S planned is a 60,000 sq ft Electronics 


J Research Center in Anaheim, Calif. 
TWinbrook 4-6212 —Michael Murphy 


McGraw-Hill News 
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GE Joins Computer Center Rush 


General Electric Co. has become 
the latest manufacturer of business 
data processing systems to announce 
plans for a chain of computer centers. 
GE says it will equip 11 centers in 
the next 18 months with either its 
225 or 210 machines. 

Five of these centers will be ready 
in 1961; they will be in New York, 
Boston, Philadelphia, Cleveland, and 
Chicago. Six more will open in the 
first half of 1962 in Minneapolis, 
Seattle, Atlanta, Washington, D. C., 
Dallas, and the San Francisco Bay 
Area. In addition, site surveys are 
underway in seven other cities. 

The 210 is a large scale bank data 
processing unit; the 225, a medium 
scale, general purpose unit. 

The other computer coming off 
GE’s Phoenix, Ariz., lines is the 304, 
a large scale computer that is made 
primarily for National Cash Register 
Co. Actually, NCR designed the 304 
and contracted with GE to build parts 
of it. NCR makes the input-output 
equipment and also produces a smaller 
part of the central electronics gear 
at its Hawthorne, Calif., electronics 
division plant. GE also makes some 
models which it labels “GE 304” 
for sale to other GE divisions. 

Harry Wise, head of electronic 
sales at NCR told CtE last month 
that GE’s moves into computers will 
not interfere with production of the 
304. The arrangement is expected 
to continue as long as NCR can sell 
the machines. 


GEC Ltd., English Electric 
Consider Merger Plan 


LONDON— 

Two of Britain’s Big Three elec- 
trical equipment firms are now in the 
talking stage of a merger that would 
form the biggest such firm in the 
U.K. A brief statement issued by 
General Electric Co. Ltd. and English 
Electric Co. has stated that the con- 
templated move may come by means 
of a holding company. 

Combined net assets of the pro- 
posed company would be $495 mil- 
lion, topping the now largest of 
Britain’s electric firms, Associated 
Electric Industries, whose assets total 
around $465 million. 

Increased competition and narrow- 
ing profits in the British electrical in- 
dustry are presumed behind the mer- 
ger. Industry circles in England 
have heard rumors in recent months 
that GEC was seeking a mate. The 
firms’ statement said only that they 
had been considering “the general po- 
sition of the British electrical indus- 
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“I owe my success to 


my trusty Sigma Type 22 
RIC200G SIL relay” 


— PORTHOS P. GizzarD 


With a sizable amount of our business 
due to saber-rattling on a national scale, 
it’s heartening to discover sume relay 
prospects among those who practice skew- 
ering each other just for fun. One of our 
reps recently wrote in, calling our atten- 
tion to a device in which a buzzer sounds 
when a proper forward-moving fencing 
“hit” is scored. The buzzer circuit is 
closed by the contacts of a Sigma “22” 
relay, which in turn is wired te a battery 
and a plunger switch at the tip of the 
foil or epee. The inventor’s name is L.A. 
Wortman, and he holds no lesser rank 
than chairman of the Electrical Weapons 
Committee of the Amateur Fencers League 
of America, as well as American Delegate 
to the Electrical Signaling Comm., 
Federation International D’Escrime. 


We sincerely hope, however, that Mr. 
Wortman shows more mercy in a salle d’ 
armes than he does to the hermetically 
sealed enclosure of his Sigma sensitive 
relay. In describing his ingenious boon to 
practice fencers (fencing practicers?), he 
calmly states ” The relay is a Sigma Type 
22J200 or equivalent... (These dual series) 
coils must be separated and reconnected 
... The case of the relay is easily removed 
with a pair of diagonal wire cutters. 


SIG 


Starting at the bottom edge and peeling, 
the cover comes off as though it were a 
sardine-can cover.” Really, Mr. Wortman. 
If Series 22 relay enclosures were meant 
to be removable, we would have made 
them that way. (On second thought, 
maybe supplying a little key with each 
hermetically sealed Sigma relay might 
not be such a bad idea at that. Re- 
member that Air Force captain and his 
little drill?) 


At all events, this clearly points out one 
fact: clever people are still successfully 
applying Sigma relays in ways which turn 
our application engineers green (92 parts 
horror, 8 parts envy). We can only hope 
that future builders of electrical fencing 
instruments and kindred souls will first 
ask us if we have what they want, before 
picking up the side-cutting pliers. It might 
pleasantly surprise some to see the assort- 
ment of open and sealed, single- or dual- 
coil, magnetic latching, big and little 
relays we can offer. We might even have 
one for Mr. Wortman’s august body 
which would signal a hit not by a buzz on 
a buzzer,but simply by saying “ouch.” 
: “22” Bulletin on request; ap- 
plication engineering by letter 
and over the phone. 


| 


SIGMA INSTRUMENTS, INC. 
69 Pearl Street, So. Braintree 85, Mass. 
An Affiliate of The Fisher-Pierce Co. (since 1939) 
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WHAT’S NEW 


trv” and felt that “many activities of 
their two groups are complementary” 
and agreed ‘to explore immediately 
the practicability of a merger’. 

GEC is the smaller of the two part- 
ners with 70,000 employees and sales 
last year of $327.6 million. The out- 
fit is not connected with GE of the 
U.S. (American GE does maintain in 
London the GE Co. of New York 
Ltd., an afhliate of the New York- 
based International GE.) Sales of 
English Electric were $512.4 million 
last year; employment 84,000. 


Sperry Divs. to Join 
For Range Group 


New York based Sperry Rand Corp. 
has announced a new cooperative 
group within the corporation that 
will make use of the talents of several 
of its divisions. A Missile Range In- 
strumentation group will draw on the 
talents of specialists from the Ford 
Instrument Co., Remington Rand 
Univac, Sperry Gyrascope Co., and 
Vickers, Inc. subsidiaries. 

Sperry Rand has estimated the po- 
tential market for compatible range 


VU . instrumentation at more than $1] bil- 
ERSATILE lion. Complexity of the design prob- 


lems of range instrumentation is high- 
TRANSISTOR lighted by the multitalent emphasis. 
A majority of Sperry divisions may be 


SH RVO brought into the picture. 
AMPLIFIER. Bendix, Ericsson In 


Drives Servomotors Up To 10 Watts Output Joint Venture Move 


Another joint venture company in- 
Designed for operation with any Diehl 1, 5 or 10 volving an American control supplier 
watt servomotor at 60 and 400 cycle carrier fre- and an established European firm (see 
quencies, this new series of Transistor Servo CtE, Oct. 60, p. 42) has been an- 
Amplifiers is also capable of driving any Diehl nounced in London. This arrange- 
size 11 or 15 servomotors, or equivalent. ment brings together the Bendix Corp. 
Superior electrical performance is typified by of Detroit and Ericsson Telephones 
near-perfect linearity over a wide range of input Ltd. of London. ee er 
voltage and by the absence of measurable phase The new company, Bendix Ericsson 
shift over a 20 cps. passband. (UK) Ltd., will take over the instru- 
The use of advanced packaging techniques in ment interests of Ericsson’s Instru- 
2 inch diameter modules produces continuous ment Div., which produces electronic 
power outputs of 6 watts in a 1% inch long can and nucleonic measuring instruments 
or 35 watts in a 314 inch long can. Units are not and data handling equipment. 
potted, for accessability and ease of maintenance; 
aoe soa are filled we sn ouaanaa oxide News of Other Companies 
particles for maximum heat transfer. ; 
Also available is Diehl TP3-100 solid state oe ee Lee 
power supply which accommodates either 6 or Texas Instruments, Inc. has estab- 
35 watt units by means of direct plug-in. lished a new subsidiary, Texas Instru- 
Please write for additional information. ments France to manufacture semi- 
+ 4003 SINGER* conductor devices and components 


3 hl DIEHL MANUFACTURING COMPANY 3 ; near Nice for the European Common 


Market. 
A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 


Somerville, New Jersey meer Tae Precision Instrument Co. of San 
tA Trademark of THE DIEHL MANUFACTURING COMPANY = *A Trademark of THE SINGER MANUFACTURING COMPANY Carlos, Calif., recently purchase dM ag- 
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netic Industries, Inc., of Palo Alto. 
The move was designed to augment 
PI’s_ instrumentation magnetic _ re- 
corder production with manufacture 
of related components: toroids, coils, 
cores, and transformers. 


Recordak Corp., Eastman Kodak 
Co.’s subsidiary in the tmhicroflm and 
business systems field has established 
an educational microfilm systems de- 
partment as its first step into the 
burgeoning teaching machines market. 


Ryan Aeronautical Corp. in San 
Diego, Calif., has announced two new 
subsidiary corporations. Ryan Com- 
munications, Inc. and Rvan ‘lTrans- 
data, Inc. will deal in “a broad 
range of communications problems” 
and “in the design and development 
of data handling equipment”, respec- 
tively. 


General Precision, Inc. of New 
York has announced that it has en- 
gaged Mitsubishi Shoji Kaisha Ltd. as 
exclusive distributor in Japan for the 
GPL, Kearfott, and Librascope divi- 
sions of GPI. 


The Bendix Corp.’s Radio Div. has 
been awarded a $1.5 million U.S. 
Navy contract for downrange instru- 
mentation and operational services on 
the Pacific Missile Range. The con- 
tract represents extensions of services 
performed in the past year. 


Friden, Inc. of San Leandro, Calif., 
has answered the demands of increas- 
ing foreign business (now 25 percent 
of total sales) by establishing a sub- 
sidiary sales company, Friden Interna- 
tional, S.A., in Fribourg, Switzerland. 
Friden expects European sales will 
account for fully half of its sales total 
within the next 10 years. 


Borg-Warner Corp. has expanded 
its activity in the electronics field by 
establishing a new Philadelphia based 
subsidiary, Omnitronics, Inc. The firm 
will specialize in space electronics 
equipment, digital communications, 
data handling systems, and communi- 
cations terminal equipment. 


Aerojet-General Corp., an Azusa, 
Calif., subsidiary of General Tire & 
Rubber Co., has purchased a con- 
trolling interest in Space Electronics 
Corp. of Glendale. The purchase was 
made from Pacific Automation Prod- 
ucts, Inc., of which Space Electronics 
had been a subsidiary. 


TRW Computers Co. is the new 
name for ‘Thompson-Ramo-Woold- 
ridge Products Co., the Beverly Hills, 
Calif., division of TRW that markets 
the RW-300 digital control computer. 
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What can you do with a 
remarkable instrument like this? 


Here’s what they’ve done with this 
remarkable READALL’® instrument 


Several weeks ago, we used the ad you 
see in the picture to ask a question and 
g.ve some facts. We said that the REap- 
ALL readout instrument was about the 
size of a candy bar, and that it could 
display, store or transfer up to 64 differ- 
ent numbers, letters or symbols without 
using complicated conversion equipment 
and “black boxes.” 

We explained that the READALL in- 
strument was originally developed for 
data display in flight control equipment. 
We described the READALL instrument as 
an electro-mechanical, D.C. operated, 
readout device for displaying characters 
in accordance with a pre-determined 
binary code. . . a compact self-contained 
device . . . which can be applied to the 
output of digital computers, teletype re- 
ceiving equipment, telemetering systems, 
or wherever data must be displayed. And 
we wound up by asking about new appli- 
cations for our READALL instrument. 
Here are some of the answers to our 
question: 

1. A leading aircraft corporation is using 
READALL instruments in a visual inter- 
com system in patrol aircraft that’s con- 
nected with anti-submarine warfare. 

2. Another company uses READALL in- 
struments in ground checkout equipment 
for a new Air Force bomber. 


3. An oil company uses these readout 
instruments in a data reduction system 
that converts magnetic tape seismo- 
graphic data to printed digital data and 
graphic chart strips. 

4. A missile manufacturer uses READALL 
instruments in an automated “Missile 
Skin” milling machine. 

5. These readout devices are being ap- 
plied in nuclear reactor work for remote 
control and indication of rod position. 


6. READALL instruments are now used in 
an electric power station monitoring 
system in Philadelphia. 


7. READALL instruments are being used 
in display boards for the Air Defense 
Headquarters. 


8. Another aircraft manufacturer uses 
READALL instruments in a flight simulator. 


9. A branch of the military designed the 
READALL instruments into an airborne 
bomb-direction computer. 


10. An aircraft systems manufacturer 
uses READALL instruments for display 
and print-out of data with a computer 
in a high altitude weather reconnaissance 
project. 


We would be happy to tell you more about the READALL and its applications. 
We would be happy to hear from you about possible applications. Please write to us 


at the address below. 


“Proneens in. Push-Button Science” 
UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY —= 
PITTSBURGH 18, PENNSYLVANIA 


d 
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New Tatnall 
Metal Film 102 
higher-temperature 
backed strain gages 


Z 
from —2,,,4/— 


© Operating range to over 
500°F. 


Precision-designed and construct- 
ed for exceptional accuracy, re- 
peatability and ruggedness. 


Ultra-thin (less than 0.0015 in.), 
with no integral leads, for high 
flexibility and conformability. 


High uniformity in both geometry 
and temperature coefficient for 
automatic matching. 


Wide range of sizes and configura- 
tions available, including rosette 
configuration shown above, stand- 
ard and miniature types. 


Call or write for full information. 


INSTRUMENTS 
a 
2/VIS/ON 


P.O. Box 245 * Phoenixville, Pa. 





Consult your phone book for sales offices in: 
Atlanta, Ga., Oak Park, Ill., Dallas, Tex., 
Los Angeles, Calif. 

In Canada 

Budd Instruments, Ltd., 170 Donway West 
Don Mills, Ontario, Canada 

In Europe 

Budd, S.A., 10 Avenue de la Grande Armée, 
Paris 17¢, France. 


IMPORTANT MOVES BY KEY PEOPLE 


Bratton Moves Up As 
Imm Resigns at Librascope 


New president 
of the Librascope 
Div. of General 
Precision, Inc. is 
William E. Brat- 
ton (photo) who 
has taken over 
the post following 
the resignation of 
Lewis W. Imm, 
who launched the 
company 13 years ago. Bratton, who 
has also been with the Glendale, 
Calif., firm since 1947, has been 
serving as executive \ ice-president. 

Imm resigned to form a new com- 
pany, Intellux, Inc. in Reseda, Calif. 
to develop and market miniature elec- 
tronic components. His firm is ex- 
pected to work with molecular elec- 
tronic devices as well as in miniaturiza- 
tion of standard electronic compo- 
nents through the use of thin film 
techniques. At GPI’s request, he'll 
continue as a special consultant on 
computer systems development to Li- 
brascope. 

Bratton became assistant to the 
president in 1950 and in 1954 was 
appointed vice-president in charge of 
engineering, manufacturing, and sales. 
In addition, when Librascope was 
joined with three other General Pre- 
cision Equipment Corp. subsidiaries 
(GPL, Link, and Kearfott) into GPI, 
Bratton was named to GPI’s board of 
directors. 


Karsch Joins Aeronutronic 
From GM Defense Post 


Former mana- 
ger for aerospace 
operation of 
General Motors 
Corp.’s Defense 
Svstems Dyv., 
Herpert 'L 
Karsch, has joined 
the Aeronutronic 
Div. of the Ford 

Motor Co. as manager of Space Tech- 
nology Operations’ Space Systems. 
Karsch succeeds Ralph P. Morgan 
who has been named a special as- 
sistant to Dr. Donald P. Duncan, 
general operations manager of ST Ops 
at the Newport Beach division. 

Prior to joining GM, Karsch was 
technical director of the White Sands 
Proving Ground from 1946 to 1956. 
As an Army Ordnance Corps officer 
he had been deputy commander of 
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the test center from 1945 to 1946. 

Morgan has more than 14 years 
experience in the fields of advanced 
weapon and test systems, including 
a post at Lockheed, prior to joining 
Aeronutronic, where he was engincer- 
ing project officer for the X-17. 


Piatt, Former IBM Manager, 
Now Veedor-Root V-P 


Donald R. Pi- 
att, at one time 
manager of engi- 
necring of the 
Time Equipment 
Div. of Interna- 
tional Business 
Machines Corp., 
has become vicc- 
president of en- 
gineering and research for Veeder- 
Root, Inc. of Hartford, Conn. He 
joins Veeder-Root from a position as 
consultant on electromechanical de- 
vices for the Dept. of Defense. 

Piatt had been with IBM for 24 
vears, starting as an engineering trainec 
in 1933. He has also been director 
of engineering for Universal Controls, 
Inc. and vice-president of research and 
engineering for the Underwood Corp. 


Zillman Heads Three 
Data Divisions at CEC 


Jack H. Zill- 
man has become 
vice-president of 
the data _ proc- 
essing divisions 
of Consolidated 
Electrodynamics 
Corp., a subsidi- 
ary of Bell & 

Howell Co. in 

Pasadena, Calif. He'll be responsible 
for operations of CEC’s Datalab, 
DataTape, Transducer, and Electro 
Mechanical Instrument divisions. 

For the past three vears, Zillman 
has been vice-president and general 
manager of the Pacific Div. of Day- 
strom, Inc. Previously he was general 
manager of U. S. Industries Research 
and Development Corp., president of 
Whirlajet, Inc., and held various posts 
at Hughes Aircraft Co. and North 
American Aviation, Inc. 


ISA Names Officers, Awards 
At Annual Meeting 
Along with technical sessions and 


an exhibition (see p. 30) ISA mem- 
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bers attending the 15th annual meet- 
ing in New York also voted in a new 
slate of officers and witnessed the 
awarding of several honors and cita- 
tions. Dr. Ralph H. Tripp of Grum- 
man Aircraft Engineering Corp., presi- 
dent-elect-secretary for the past vear, 
was named 1960-61 society president. 

Philip A. Sprague, president of The 
Hays Corp. was named president-elect- 
secretary, and John C. Koch of Cono- 
flow Corp. was elected treasurer. 

Departmental vice-presidents elected 
were Henry J. Noebels, Beckman In- 
struments, Inc.; E. Albert Adler, 
United Engineers & Constructors, 
Inc.; John J. McDonald, Consolidated 
Systems Corp.; and Francis R. Hoag, 
B. F. Goodrich Research Center. Five 
district vice-presidents were also 
elected. ‘They are: H. Kirk Fallin, 
Bethlehem Steel Co.; Fred R. Gilmer, 
E. I. du Pont de Nemours & Co., 
Inc.; Otto J. Lessa, Hagan Chemicals 
& Controls, Inc.; Roy Horton, Re- 
search Controls, Inc.; and Kenneth S. 
Vriesen, DeVry Technical Institute. 

Among the awards presented were 
the Distinguished Achievement Award 
of the society to Dr. Erwin Miller, 
Pennsylvania State University, for his 
work in ion emission microscopy; a 
lifetime honorary membership to Dr. 
Allen V. Astin, director of the Na- 
tional Bureau of Standards; and the 
Arnold O. Beckman Award to Billy 
M. Horton, Diamond Ordnance Fuze 
Labs of the Army’s Ordnance Corps 
for his developments in fluid ampli- 
fiers. Several other awards were pre- 
sented, and 10 members were made 
fellows of the ISA. 


Other Important Moves 


Thomas H. Mansfield has assumed 
the position of chief engineer with 
Servomechanisms, Inc. of E] Segundo, 
Calif. He comes to SMI after spend- 
ing six years with Hughes Aircraft 
Co., his most recent position being 
manager of the Guidance and Controls 
Dept. there. Before joining Hughes, 
Mansfield was with Tracerlab where 
he directed the development of nu- 
clear instrumentation. 


Gifford K. Johnson, key man in 
Chance Vought Aircraft, Inc.’s recent 
diversification moves (CtE, Mar. 60, 
p. 208) has moved up in the corpora- 
tion to the post of executive vice- 
president from a position of president 
of Vought’s Information Systems, Inc. 
subsidiary. He remains as board chair- 
man of CVA’s National Data Proc- 
essing Corp. In other moves at the 
Dallas firm, D. J. Simmons was pro- 
moted to the new post of chief of 
electronics systems in the Electronics 
Div. In the same Vought unit J: R. 
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This printed circuit disc is the “face’’ 
of a clock that tells time in digital code 
...0F any code your computer, control system, or data proc- 
essing device needs to keep it properly in touch with the 
world of real time.—A. W. Haydon is a company of infinite 
variation when it comes to such analog-to-digital converters, 
or “‘binary encoders’. Time periods range from seconds to 
weeks. Sizes range from miniature to large. They come sealed, 
enclosed or open, with AC, DC, or pulse drive, and with an 
imposing variety of accessory equipment.—The model shown 
is for commerical use. It provides a discrete signal for each 
two-minute interval over a 28-day period. It is used, among 
other places, in an automatic parking lot ticket computing 
system.— This and several other time code generators are 
described in Technical Brochure SP9-2. It's yours for the ask- 
ing. Similar solid-state devices can be 
supplied by our Culver City, Calif.,facility. 
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Working Distance ...Any range greater 
than one foot (prefocused at factory). 


Speed ... Responds in 0.5 second. 


Calibration ... internal reference source 
for accurate standardization in seconds. 
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THERMODOT?® Radiation Thermometer 


Measures, Controls Temperature...Without Contact 


THERMODOT is now being used in the production and testing of paper, 
glass, rubber, metals, and plastics. Designed for production plant opera- 
tion, THERMODOT measures and controls the temperature of moving 
and inaccessible surfaces. Operation is remote, automatic, continuous. 

High sensitivity provides reliable temperature measurements, even at 
low temperatures — lowest standard range 180-400°F full scale. Stand- 
ard ranges extend to 4000°F. Standard response time is 2 seconds; 0.5 
second available. An internal calibration source provides simple, rapid 
and accurate standardization. 

THERMODOT measures the temperature of a remote object without 
physical contact. Operation is based on the fact that an object emits ther- 
mal radiation as a function of its temperature. An infrared lens, located 
in the THERMODOT optical head, is used to focus this radiation onto a 
sensitive infrared detector. The detector generates a signal voltage accu- 
rately proportional to the radiation intensity, and the signal is amplified 
to drive an indicator calibrated directly in temperature. 

The THERMODOT radiation thermometer consists of an optical head 
and a power supply unit. THERMODOT is normally supplied with an 
indicator, indicating controller, or recording potentiometer. The optical 
assembly is housed in a sturdy, dust-tight enclosure and is insensitive to 
vibration and shock as normally encountered in the plant. Ambient 
temperature variations from 50-120°F have no effect on its operation. 


SPECIFICATIONS OF THERMODOT MODEL TD-3 


at control panel. 


50-120°F. 


For more Information, Write For Bulletin R-102. 


RADIATION ELECTRONICS Co. 


. Dept. CE-11 © 5600 Jarvis Avenue * Chicago 48, Illinois * Telephone: SPring 5-2400 
DIVISION OF COMPTOMETER CORPORATION 


Emissivity Compensation . . . Adjustable 


Ambient. Conditions... Unaffected by 
ambient temperature variations from 
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Campbell moved up to the post of 
chief scientist. 


Dr. William J. Jacobi is the vice- 
president of Litton Systems, Inc. and 
also general manager of the Guidance 
and Control Systems Div. The Bev- 
erly Hills group is a subsidiary of Lit- 
ton Industries. 


Allen F. Donovan is the newly an- 
nounced senior vice-president, techni- 
cal of the Aerospace Corp. of 
FE] Segundo, Calif. He was formerly 
vice-president and director of the Ad- 
vanced Systems Planning Div. of 
Space Technology Labs. Other officers 
named by the budding company are 
Jack H. Irving (from STL), vice-presi- 
dent for systems research and William 
W. Drake, Jr. (from Raytheon Co.), 
as v-p for administration. 


Thomas H. Wiancko, founder and 
former president of Wiancko Engi 
neering Co. of Pasadena, Calif., will 
be the chief scientist of the Defense 
Products Group of Daystrom, Inc. 
Davstrom recently acquired and added 
Wiancko’s company to the group as 
Daystrom-Wiancko Engineering. 


David R. Hull has been elected ex- 
ecutive vice-president of Hoffman 
Electronics Corp. in Los Angeles. His 
responsibility in the new post will be 
for the operation of Hoffman’s Mili- 
tarv Products Div. and for the coordi- 
nation of the activities of the com- 
pany’s Science Center with other 
divisions. For the past 10 vears Hull 
has been vice-president of equipment 
operations for the Raytheon Co. 


Dr. Edwin Morris Hudson has 
joined the Defense and Industrial Div. 
of Otis Elevator Co. in Brooklyn, 
N. Y., to head a new human engineer- 
ing department. His background in- 
cludes psychological research as an 
engineer-psychologist working on the 
Army-Navy Instrument — Program 
(ANIP). 


Dr. Herman H. Kurzweg has been 
named assistant director for Aerody- 
namics and Flight Mechanics in the 
Office of Advanced Research Programs 
of the National Aeronautics and Space 
Administration. Also named by NASA 
was Robert G. Nunn, Jr., as special 
assistant to NASA administrator T. 
Keith Glennan to advise on communi- 


INFRARED COMPONENTS + INSTRUMENTS + SYSTEMS cations satellite problems. 
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ABSTRACTS 


Twosome on digital servos 


The Navy has sponsored an investi- 
gation of the effects of closed-loop 
quantization of the feedback signal, 
the optimum form of the computer 
error output, and the consequences 
of employing error sampling rates. 
The results of the investigations are 
covered in two reports which can be 
obtained from the Office of Tech- 
nical Services, U. S. Dept. of Com- 
merce, Washington 25, D. C.: 

“The Analysis and Design of 
Digitally Controlled Instrument 
Servos”, by R. Scheidenhelm, MIT 
for U. S. Naval Training Device 
Center, U. S. Navy, 88 pp. Order 
as PB 161020, $2.25. 

“A Simulator Study of Two 
Digitally Controlled Instrument 
Servos”, by R. Schneidenhelm and 
Y. Lundh, MIT for U. S. Naval 
Training Device Center, U. S. 
Navy, 72 pp. Order as PB 161021, 
$2.00. 


The first report analyzes the effects 
of time-sampling and amplitude quan- 
tization of output and error signals on 
the performance of a second-order in- 
strument servo to be controlled by a 
digital computer. Two configurations 
are considered. One is a high per- 
formance type, capable of reproducing 
signals that include the altitude quan- 
tities, such as altitude and _ rate-of- 
climb, involved in aircraft control 
loops. The second configuration em- 
ploys a _ logarithmic _level-selection 
scheme for the computer output sig- 
nal. Application of the design tech- 
niques is made to an instrument 
servo which converts the signals gen- 
erated in a digital operational flight 
trainer to the analog pointer posi- 
tions of the cockpit instruments. 

The second report covers the ex- 
perimental verification of the same 
two digitally controlled instrument 
servo configurations that were studied 
analytically in the report cited above. 
The physical simulation permitted in- 
vestigation of the effects of quantiza- 
tion in the output signal and decoded 
computer drive signal. One servo uses 
a combination of digital and analog 
compensation to realize 1) a sine 
wave response peak of 2 at a frequency 
of one-fourth of the sampling fre- 
quency and 2) a time delay in follow- 
ing a ramp input of one-half the 
sampling period. The other servo, 
which has lower dynamic require- 
ments, employs a selection program 
which reduces the number of drive 
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Solves differential equations by 
ROOT LOCUS plots. 


new mo Provides BODE phase and gain 


plots from system poles and zeros. 


. es Synthesizes compensation networks. 
a p p roa C h Red Evaluates residues. 
re Factors polynomials. 
to bi Analyzes sampled data systems. 
Solves non-linear problems involv- 
syste mM ing hysteresis or saturation by the 


describing function technique. 


design = Designs process control systems. 


Derives process transfer functions 


p ro ble mM S ae from power density spectra. 


Uses rapid, logical pole-zero pro- 
gramming. 


Shaded area on graph sheet shows 
unstable portion of log s plane. 


A complete analog computer that increases system design productivity more than five 
fold at a net price less than the yearly salary of a design engineer. The Esiac rapidly 
solves generalized system equations expressed in the following forms: 


F = +Ks"o (s—s,)": (s—s.)M2 (s—s,)%3.., 


PY ee s s s 
F= +KsNo (1 “er (1 —;,)": (1 — +r eee 


Write for descriptive engineering bulletins, Esiac solutions to system design problems, 
or an Esiac demonstration in your plant. 


P Impedance Bridges and Accessories 
Decade Voltage Dividers 
Decade Resistors and Capacitors 
ESIAC Computers 


Electro Scientific industries 


7524 S.W.MACADAM + PORTLAND !9, OREGON 
CHerry 6-3331 


formerly/ ELECTRO-MEASUREMENTS, INC. 


ESI has outstanding opportunities for design and applications engineers. Call or write Mr. Dovis, 
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N uclear edited Al Co itrols 


CAREERS FOR: 
MECHANICAL ENGINEERS 
ELECTRO-MECHANICAL ENGINEERS 


APPLIED PHYSICISTS 
in research—development—design 


Opportunities exist at Bendix Research Laboratories for 
stimulating work in the following areas: Fluid Power 
Servo and Dynamic Analysis ¢ Hydraulic and Pneumatic 
Servo Controls © Thermodynamics and Heat Transfer ¢ Hot 
Gas Devices ¢ Material, Lubrication, Wear and Friction. 

You will find this work unusually stimulating and satisfy- 
ing. Comfortable and pleasant surroundings in suburban 


Detroit, with opportunity for advanced study at nearby 
universities. 


Tape Controlled Milling Machine Hydraulic Servo Motors 
if interested, please write or call (collect) A. Capsalis, 


Research Laboratories Division, The Bendix Corporation 
Southfield, Michigan. Phone: KEnwood 7-3300 


Research Laboratories Division 
SOUTHFIELD, MICHIGAN 


ABSTRACTS 


signal levels requiring decoding. ‘The 
selected levels are in_ logarithmic, 
rather than linear, sequence. The re- 
port contains a complete description 
of the analog output member, the in- 
terconnections with the computer, 
the computer programs, and compari- 
sons of the experimental results with 
the theoretical predictions. 


Steady light source 


From “A Simple Circuit for a Light 
Source of Constant Intensity”, by 
H. van Suchtelen. Philips Techni 
cal Review, Vol. 21, No. 8, 1959 
60, pp. 229-233. 


In many measurements emploving 
a light source, like photometric meas- 
urements of luminous intensity and 
absorption measurements with a color 
imeter or spectrometer, it is impor- 
tant that the light source remain at a 
very constant intensity. The article 
describes a simple circuit in which 
a cadmium-sulfide photoresistor is 
used to keep the emission of an in- 
candescent lamp at constant intensity. 

Rather than merely stabilize the 
supply voltage to the lamp, it is more 
logical to stabilize the luminous inten- 
sity itself. In the device that is de 
scribed, the light source is a 6-volt, 
5-amp incandescent lamp. The line 
voltage is first reduced and stabilized 
by a transformer with a saturated 
core. A photoresistor in conjunction 
with five transistors in a bridge cir- 
cuit regulates the luminous intensity. 
The intensity remains constant to 
within plus or minus | percent for 
line voltage fluctuations of plus or 
minus 20 percent. Furthermore, the 
intensity varies less than 0.2 percent 
per deg C change in temperature. 


Ore plant control 


From “Automatic Control in Min- 
eral Processing’, by M. J. Cahalan, 
Rio Tinto Management Services, 
and R. Wolski, Elliot Brothers. 
Paper Group IX 48 presented at 
the International Mineral Process- 
ing Congress, London, April 1960. 


The paper discusses the aims of 
process control and the various steps 
to be taken to develop a comprehen- 
sive automatic control system for a 
mineral processing plant. Informa- 
tion is given on the application of 
modern techniques and equipment 
to some of the many different proc- 
esses and operations characteristic of 
this industry. Several of the tech- 
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niques described resulted from an ex- 
tensive study of the possibilities of an 
entirely automatic plant and, while 
these techniques are not in current 
commercial use, the associated equip- 
ment already evists. 


Heat exchangers reviewed 


From “A Survey of the Literature 

on Heat Exchanger Dynamics and 

Control”, by T. J]. Williams and 

H. ]. Morris, Monsanto Chemical 

Co. Paper (Preprint 1) presented 

under auspices of AIChE at the 

Joint Automatic Contro] Confer- 

ence, Cambridge, Mass., Septem- 

ber 1960. 

Acting on in behalf of the Instru- 
ments and Regulators Div. of the 
ASME, the authors undertook a search 
of current literature to critically eval- 
uate available information on dy- 
namics and control of heat exchangers 
—thereby perhaps enabling the IRD 
Research Subcommittee to determine 
the direction future studies should 
take to correlate equipment design 
with process dynamics. 

In all, 42 published or pending 
papers were found on the subject, 40 
of them having appeared since 1952. 
The authors coordinate them under 
the headings of theoretical models, 
experimental test methods, and auto- 
matic control investigations. Besides 
listing each paper in a bibliography, 
Williams and Morris further contrib- 
ute to the study by annotating the 
papers in tabular form. Here for each 
reference the authors summarize such 
data as type of exchanger, fiuids, 
major type of study (theoretical, ex- 
perimental, or both) type of experi- 
mental data, and theoretical solutions. 
Most important are the accompany- 
ing remarks, a paragraph or two for 
each paper. 


More from computers 


From “On the Information-Han- 
dling Efficiency of a Digital Com- 
puter Program”, by Herbert Free- 
man, Sperry Gyroscope Co. Paper 
No. 60-970 sponsored by the Amer- 
ican Institute of Electrical Engi- 
neers for presentation at the Joint 
Automatic Control Conference, 
Cambridge, Mass., Sept. 6-9, 1960. 


The use of a digital computer in a 
control system forces the designer— 
for reasons of economy—to devote 
considerable effort to the development 
of an efficient program. The effi- 
ciency of a program is the measure of 
the effectiveness with which the pro- 
gram enables a computer of minimun 
capability to meet the requirements 
of the system. Computer capability is 
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dc to 1 megacycle! 


. . . and 10 watts of power 


with this direct-coupled amplifier! 


New from Krohn-Hite: this unique combination of power and band- 
width! The Model DCA-10 direct-coupled amplifier allows you to 
increase power of all sources from dc to one megacycle, without the 
bother of changing amplifiers or bandswitching! 


The DCA-10’s low distortion (0.1%) makes it the perfect comple- 
ment for low-distortion, quality oscillators — for unexcelled per- 
formance over the entire frequency range. 


Output — to 300 volts peak to peak, to 600 milliamperes peak to 
peak. Frequency response is flat, within one db, from dc to 1 me. 
Stability is excellent for both output DC level and gain. 


The Model DCA-10 direct-coupled amplifier provides high, distor- 
tion-free power over the entire range, from sub-sonic into radio- 
frequencies. 20 watts of push-pull power can be obtained from two 
DCA-10’s cascaded. If this high-quality, flexible amplifier can fill 
a need for you, write for full information, 


Other Krohn-Hite amplifiers include the direct-coupled 50 watt 
DCA-50, and the ultra-low distortion (0.005%) 50 watt UF-101A. 
Also, Krohn-Hite Oscillators, Filters and Power Supplies. 


KROHN-HITE CORPORATION 


580 Massachusetts Avenue - Cambridge 39, Mass. 


Pioneering in Quality Electronic Instruments 
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Versatility! 
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THE WORLD’S LARGEST 
FLOOR TYPE HORIZONTAL 
BORING - DRILLING - 
MILLING MACHINE USES 

6 BEAVER BALL SCREWS 


FOR POSITION CLAMPING 
AND 2 FOR SPINDLE FEED 


The same accurate posi- 
tioning, rigidity and free- 
dom from backlash essen- 
tial in this huge Giddings 
and Lewis Model 1210- 
FUAR with 10” spindle is 
available to you for im- 
proving the efficiency of 
your equipment. Consulta- 
tion and engineering serv- 
ice. Write for literature. 





| 

Seaver 
Drecision 
§ Droducts 


| INC. 
a CLAWSON, MICH. 


ABSTRACTS 


measured in terms of speed and word 
length. For a given system the less 
capable the computer, the more se- 
vere the requirements, for an efficient 
program. Author develops concept 
of program information-handling efh- 
ciency as program figure of merit. 
The achievement of a_ particular 
cycle time as required by the dynamics 
of the system, the author shows, can 
be directly related to the information 
handling efficiency of the program. 
Although improvement in information 
handling efficiency is most readily 
achieved by streamlining the e1ua- 
tions which the program must solve, 
considerable improvement can also be 
realized from the proper scheduling 
of various subtasks of the program. 


Digital-input positioning 


From “A Digital to Analog Con- 
verter for Numerical Control of Syn- 
chros”, by H. G. Lott. Regelung- 
stechnik, May 1960, pp. 157-162 
In German, 


The author deals with the applica- 
tion of a three-phase current trans- 
former having a hexagon and a six 
phase star winding as a digital to ana- 
log converter, translating decimal in- 
put signals into proportional voltage 
components in position control with 
synchros. For combining the coarse 
and the fine channel a matrix is re- 
quired, the working principle of which 
is explained in detail. Diodes and re 
sistors are used to obtain functional 
relationships. A method is described 
for switching small ac currents by 
means of bistable transmitter circuits. 


Printed circuit switch 


From “A Versatile Printed Circuit 
Switch for Application in Labora 
tory and in Production”, by W. H. 
Hoffman, Jr., U. S. Army Signal Re 
search and Development Lab. 
Available from Office of Technical 
Services, U. S. Dept. of Commerce, 
Washington 25, D. C. as PB 
161458, 27 pp., $1. 


The report describes a multiple 
printed circuit switch, readily adapta- 
ble to nearly all electronic circuitry 
needs where printed wiring boards are 
used to connect electrical compo- 
nents. In kit form the switch is suit- 
able for general lab use in experimen- 
tation. In addition, the switch is 
adaptable to mass production and au 
tomatic assembly methods. 


208 CIRCLE 208 ON READER SERVICE CARD 


BEAVER 
BALL SCREWS 


Successor to the Acme 
screw drive and preferred 
in many applications to 
hydraulic and pneumatic 
systems. Guaranteed 90% 
efficient in converting ro- 
tary twist to linear push 
(or vice versa). Employs a 
stream of precision balls 
and ground lead to elimi- 
nate drag and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
sive wind tunnel jacks, etc. 
For horizontal and vertical 
actions, indexing, inching 
and traversing. Consul- 
tation and engineering 
service available. Write 
for literature. 


ANY DIAMETER OR TRAVEL 


e RAPID START 


NO BACKLASH 
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NEW BOOKS 


Basic computer test 


ANALOGUE AND Dicrrat Compvu- 

vers. Ed. by A. C. D. Haley, W. E. 

Scott, and M. G. Say. 308 pp. 

Published by Philosophical Library, 

Inc., New York. $15. 

A panel of British experts cooper- 
ated in this book, each member con- 
tributing a chapter in the field in 
which he is best qualified. While 
this approach makes for a good deal 
of discontinuity of style and some rep- 
etition, the editors felt that the dupli- 
cation was justified by the opportunity 
to have a different light thrown on a 
topic by different approaches. 

The compendium is intended pri- 
marily as a first source of information 
on computers for newcomers in this 
field. Directed specifically at the stu- 
dent, it should have value for experi- 
enced workers in other fields whose 
work brings them into contact with 
computing systems. Numerous refer- 
ences are included to guide those 
needing more detailed information on 
specific topics. 


Transducer Text 


INSTRUMENTATION IN SCIENTIFIC 
RESEARCH — ELEcTRICAL INPUT 
Transpucers, Kurt S. Lion. 320 


pp. Published by McGraw-Hill . NGA. . » Business Machines « Computers 
Book Co., Inc., New York. $9.50. Vending Controls * Model Trains—Planes ¢ Lighting Controls 


The title of this book is somewhat Automated Devices « Counting Devices « Sorting Devices 
unfortunate, as it implies that it is 
directed exclusively to laboratory sci- @ Now—a radical departure in stepper design provides 
entists and not to engineers. How- new opportunities for applying the stepping relay princi- 
ever, as stated in the preface, “‘tech- ple over a far wider range than ever before. 
nical” instruments are thoroughly 1. High Contact Rating. 3 amps resistive, 1 amp in- 
covered, and the wealth of informa- ductive (50% P.F.) made possible by contactor action, 
tion included should make this vol- dual make-break, positive circuit isolation contact 
ume indispensable to those engineers mechanism. A revolutionary development, the Roto- 
interested in sensing devices for con- mite stepper eliminates wiping contacts, bridged cir- 
trol systems. It is to be hoped that cuits and, in most applications, slave relays. 
the series promised in the preface : serine s am NN oud es srg tal clad 
will continue to cover all phases in (eSeee Sey Sen comply Bee oe oft 
the same style needs no special protection on the line. Shrugs of 
Ai Pee it impacts of careless handling and is also unaffected 
lhe treatment is exhaustively com- by dust or metal particles. 
plete in terms of listing, explaining, . Continuous rotation—up to 30 steps per second. 
and comparing various transducers of No reset in present production items which include: 
similar purposes in each of 16 major D.C. continuous duty; A.C. intermittent duty; A.C. 
fields. These are grouped under the continuous duty now in development stage. 
main headings: Mechanical (seven . Life: Well in excess of 1,000,000 operations. 
subheads), Temperature (one), Mag- . Size: 2” long and 1%." in diameter. Weight: approx. 
netic (one), Electrical (five), and 4 oz. Cost? Incredibly low! Write on your business 
Radiation (two). While a few specifi- letterhead for quick sample service and detailed 
cally engineering types of transducers information about the ‘‘Rotomite’’ midget stepper. 
are not included, coverage seems quite 
adequate. GS UARDIAN = LE, Cc TRI Cc 
A book of this type can scarcely be 
rated on readability, and any specialist MANUFACTURING COMPANY 


is likely to find those sections not | 1558-M W.CARROLL AVENUE “Everything Under Control” CHICAGO 7. ILLINOIS 
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NEW STEP MOTOR 


BULLETINS 
DATA SHEETS 
APPLICATION NOTES 


Just out! 


DIGITOREK is a totally new, completely 
digital torque-producing actuator that 
responds to discrete increments of + 
motion — one step for each pulse. 


It is the first infinitely variable speed 
device capable of maintaining exact, 
constant speeds in frequency ranges 
from 0 to 3 kc. 


Learn how DIGITORK’s unique stepping 
motor principle can solve your problem 


in precision control and power positioning. 
Write today. 


- OnTHOLS COoORF Needham Heights 94, Massachusetts 
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*Lear patented magnetic-particle mixtures are totally dry—which 
means no leaking, no packing; have more proportional shear 
strength; provide a faster, more predictable response ; and protect 
clutch surfaces from wear during slipping conditions. Lear has 
more, application-proven clutches—designed for high-response 
servo systems and other intermittent load operations—than any 
other manufacturer. Ask about the one best suited to your needs. 
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ELECTRO-M ECHAN ICAL DIVISION 110 lonia Avenue, N.W., Grand Rapids, Michigan 
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closely related to his field to be slow 
reading. However, the author has 
made a commendable effort to use 
simple language to the greatest extent 
possible. Mathematical complexities 
are also minimized. Good over-all or- 
ganization plus nine full pages of sub 
ject index make easy the use of the 
volume for reference purposes. An 
eight-page author index is also in- 
cluded, though it is of less value for 
the engineer. 

While relatively few refences are 
later than 1957, the book appears to 
be thoroughly up to date and is al 
most certainly the first hard-cover 
appearance of many of these devices. 
It seems likely to prove valuable to 
anyone working in the many fields in 
volving instrumentation. 

A. Beerbower 


Industrial Text 


Uxrrasonics. Benson Carlin. 350 
pp. Published by McGraw-Hill 
Book Co., Inc., New York, N. Y. 
$11.50. 


Slanted toward practical engineet 
ing design and industrial applications, 
this newly published book on ultra- 
sonics covers theory and methods of 
generating waves, outlines circuits and 
other considerations, and _ discusses 
mechanical and electrical design of 
systems. It treats various phases, from 
the design consideration of ultrasonic 
crystals to the experimental measure- 
ment of ultrasonic waves in various 
media, including data on instruments 
and applications. This revised second 
edition covers new developments in 
the testing, cleaning, welding, and 
soldering of materials and in medical 
and other applications. It includes 
new advances in the design of genera- 
tors, transducers, and transducer tools 
and joinings and on means of testing 
equipment. 

The book explains changes in the 
form of matter brought about by ultra- 
sonic agitation in the chemical, phvsi- 
cal, and biological fields and describes 
characteristics of ultrasonic waves im- 
portant in practical applications. 
Among the specific topics covered are: 
wave of dilation, the beam spread at 
various frequencies from a_ given 
transducer size, possible ways of pro- 
ducing ultrasonic waves, and different 
types of electromechemical converting 
systems. The book also discusses de- 
sign considerations of suitable holders 
for the crystal and explains the use of 
various instruments such as the inter- 
ferometer and reflectogage. 
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MEETINGS 


NOVEMBER 


Institute of Radio Engineers, 13th 
Annual Conference on Electrical 
Techniques in Medicine and 
Biology. ‘Theme: application of 
electronic techniques to analvtical 
instrumentation, Sheraton-Park 
Hotel, Washington, D.C. Nov. 1-2 

Sixth Annual Conference on Mag- 
netism and Magnetic Materials, 
sponsored by AIEE and American 
Institute of Phvsics, New Yorker 
Hotel, New York Nov. 14-17 

Symposium on Engineering Applica- 
tions of Probability and Random 
Function Theory, Purdue Uni- 
versity, Lafayette, Ind. Nov. 15-16 

Institute of Radio Engineers, Pro- 
fessional Group on Product Engi- 
neering and Production. Fourth 
Annual Conference, Sheraton- 
Plaza Hotel, Boston, Mass. 

Nov. 15-16 

Symposium on Combined Analog 
Digital Computer Systems, spon- 
sored by Simulation Council, Inc. 
and General Electric Co., Sheraton 
Hotel, Philadelphia, Pa. Dec. 16-17 

Institute of Radio Engineers, Mid- 
America Electronics Convention 
(MAECON), Hotel Muehlebach, 
Kansas Citv, Mo. Nov. 15-16 

American Societv of Mechanical Engi- 
neers, Annual Meeting, Statler Hil- 
ton Hotel, New York 

Nov. 27-Dec. 2 


DECEMBER 


Eastern Joint Computer Conference, 
sponsored by IRE, AIEE, ACM, 
Hotel New Yorker and the Man- 
hattan Center, New York City 

Dec. 13-15 

Institute of Radio Engineers, North- 
east Research and Engineering 
Meeting (NEREM), Common- 
wealth Armory and Sheraton Plaza 
Hotel, Boston, Mass. Nov. 15-17 


JANUARY 


Seventh National Symposium on Re- 
liability and Quality Control, spon- 
sored by IRE, AIEE, ASOC, EIA, 
Bellevue-Strafford Hotel, Philadel- 
phia, Pa. Jan. 9-11 

16th Annual Symposium on Instru- 
mentation for the Process Indus- 
tries, Texas A&M College, College 
Station, Tex. Jan. 26-28 

American Institute of Electrical Engi- 
neers, Winter General Meeting, 
Statler-Hilton Hotel, New York 

Jan. 30-Feb. 3 
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Rotary-switch Applications 


One of the simplest applications 
for a rotary switch is as a single- 
pole tap switch or a selector switch. 
In such an application, a single mov- 
able contact is connected to one side 
of the line through a slip ring and, 
as it is rotated, it engages one sta- 
tionary contact at a time, thereby 
selecting the load or circuit to be 
energized. By leaving certain sta- 
tionary contacts “dead”’ or by speci- 
fying that they be omitted from the 
switch in manufacture, provision 
can be made for “off” positions as 
required. The form of the movable 
contact, or in some instances the 
stationary contacts, can be such as 
to provide break-before-make (non- 
shorting) action or it can be made to 
give make-before-break (shorting) 
action. 


Multi-pole Switching 

Double-pole switching is easy to 
accomplish with rotary switches. It 
is only necessary to gang two similar 
single-pole assemblies on a common 
shaft so that both sides of the line 
are switched when the handle is 
turned. Ganging of rotary-switch 
assemblies is relatively easy in 
manufacture; in fact one advantage 
of rotary switches is that there is 
almost no limit to the number of 
them that can be mounted in 
tandem for operation by a single 


handle. And when that limit is 
reached, two, three, or more switches 
can be gear-driven from a common 
handle. 


No. 3 of a series 
Complex Circuit Controls 


Probably the greatest advantage 
offered by rotary switches is their 
adaptability to complex circuit con- 
trols. The rotating blades and the 
stationary contacts can be made in 
many different forms. For example: 
multi-fingered blade assemblies can 
provide cumulative switching from 


ASSEMBLAGE 6 ASSEMBLAGE 11 

a common feed. Assemblage 6 
maintains three circuits while add- 
ing one and killing another for each 
position of the handle. Assemblage 
11 permits any one circuit to be 
opened while the other six are kept 
closed. Other possibilities depend 
on blade configuration. 


0 o 
ASSEMBLAGE 9 ASSEMBLAGE 4 

By ganging blade assemblies on a 
single rotor, as in Assemblage 9, two 
independent circuits can be con- 
trolled by a single rotary switch, or 
double-break, double-pole  single- 
throw switching can be accom- 
plished. Assemblage 4 shows a 
ganged-blade control in which both 
shorting and non-shorting contacts 
are combined to suit special circuit 
requirements. 

From these examples, it can be 
seen that the control possibilities 
with rotary switches are almost un- 
limited. Many other examples are 
shown in Electro Switch Catalog 
101-A which lists four-, eight-, and 
sixteen-position switches in current 
ratings from 5 to 200 amperes (de- 
pending on circuits) and in a wide 
variety of styles and mountings. 


ESCO standard parts or modifications thereof can be com- 
bined to suit your special requirements, at standard-switch 
cost. We welcome your inquiries on special rotary switches, 
for over 90% of our production is special. 


ESCO oi WEYMOUTH 


ELECTRO SWITCH CORP 
Weymouth (Boston 88), Massachusetts 
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POWER 
REWAN, 
from 


New Series ST Power Relay ideally suited for starting motors up to 1 horse- 
power, elevator controls, and many other applications requiring high current 
or high voltage switching with maximum dependability. 


The Series ST is presently available in DPDT models only, and features: 
@ One piece moided Bakelite base which provides high barriers between 
electrical connections. 
«© nwe Fine Silver contacts 5/16” in diameter. Rated 15 amps 
@ Screw type electrical connections mounted conveniently on base. 
@ Available voitage ranges 6-110 VDC and all standard A.C. voitage to 
440 VAC. 
Engineering specifications and other electrica! cii2: acteristics are found in 
Bulletin #80, available from Line Electric on request. 


EP Ea Bee ae ee ia =] 


i 


, a INE LINE ELECTRIC COMPANY 





a beiscrarc al 241 RIVER STREET, ORANGE, NEW JERSEY 


AFFILIATE « INDUSTRIAL TIMER CORPORATION 
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NEW high voltage 
POWER PACK series 


. - . Custom designed to meet your requirements! 


These light weight units are avail- 
able as solid encapsulated units, 
epoxy dipped or sealed oil-filled 
units. All transformers and capaci- 
tors in units are designed and built 
by our firm . . . complete environ- 
mental testing facilities within our 
plant. iL 











TYPE |. . . TRANSISTORIZED 6 to 28 
VDC input, 2 to 50 KV DC output 


TYPE ll... 

TUBE OSCILLATOR TYPE 
200-300 VDC input, 
2-30 KV DC output 


4 Fae 

LINE VOLTAGE TYPE 
60 to 400 cycle input, 
2-100 KV DC output 


Write for complete informative literature and 
specification sheet to outline your requirements. 


Dtnatic Caparitat, 


2620 N. Clybourn Chicago 14, Illinois 0! 8-3735 
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WHAT'S AVAILABLE 
IN REPRINTS 


The following reprints have 
been prepared to make impor- 
tant reference-type editorial ma- 
terial available to CONTROL 
ENGINEERING §steaders _ in 
convenient filable form. Single 
copies of any reprint can be ob- 
tained at the nominal cost listed 
below by circling the corres- 
ponding numbers on a reader 
service card, p. 189. Don’t send 
money with card, we will bill 
vou later. For multiple copies 
write Reader Service Dept. 
Quantity rates will be quoted on 
request. 


505—The Basics of Optimum Response 
Relay Servos, 17 pp. Three part series 
summarizes all of the important design 
techniques that have been used to op- 
timize the response of relay servos. The 
reprint describes the development of the 
optimum switching criteria, and outlines 
the progress that has been made in im 
plementing this theory with hardware for 
second-order and higher-order systems 
Extensive references provide a guide for 
further study. 50 cents. 

504—System Characteristics of Modern 
Guidance Techniques, August 1960, 22 
pp. In this special report five experts from 
three companies cover the system charac 
teristics of inertial navigators, guidance ra- 
dars, Doppler radar techniques, modern 
techniques in celestial navigation, and per 
ceptive guidance systems. 65 cents. 

503—How to Determine Stream Analy- 
zer Dynamics, 8 pp. This package of two 
articles shows how analyzers can introduce 
dynamic errors, how to determine analyzer 
dynamics, and how to improve perform 
ance. The instrument used is a differential 
refractometer but techniques can be extra 
polated to other types of analyzers. 40 
cents. 

502—Survey of Dynamic Display Tech- 
niques, 20 pp. The function of these 
newly developed techniques is to put up- 
to-date information in the hands of human 
operators of control systems when the 
information changes at a high rate. Both 
basic approaches and commercial hard 
ware are discussed for cathode ray tube 
displays, optical systems, and miscellaneous 
devices ranging from TV pickup to matrix 
cells. 50 cents. 

501—Six Transducers for Precision 
Position Measurement, May 1960, 6 pp. 
Explains operation and gives practical ap- 
plication hints for six precision position 
transducers: pin-and-pawl mechanism, 
magnetic bench-mark system, _resolver- 
type transducer, electrostatic transducer, 
coded-dise devices, and diffraction gratings. 
30 cents. 

(Continued on page 214) 
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Automatic 


oma 
© Conta MIAN 


his ideas... 


AiResearch’s design and manufac- 
turing capability covers many types 
of automatic sequencing controls 
such as those for missile ground 
checkout, controlling drone and 
missile flight profiles, and auto- 
matic elevation and leveling of 
radar antennas and missiles. 
Above is an AiResearch sequence 
controller for cabin temperature of 
a jet airliner. It assimilates 25 sen- 
sor element inputs and supplies 
command signals to 18 amplifier 
channels. Consisting of servo- 
operated potentiometer cards, cam 
switch programmer and other 
electromechanical components, it is 
another example of AiResearch’s 
over-all ability to design and pro- 
duce intricate and complicated 


servo systems. i i 

The most experienced company ee . and their fulfillment 

in the development and production | 

of control systems for airborne 

and ground use, AiResearch is an achievement, the 

industry leader in electromechani- : : , 
engineer, working with 

cal systems and components of all led f 

types for aircraft, ground handling, 2 ae 

ordnance and missile systems. experimental and test 


facilities at Los 
OTHER ELECTROMECHANICAL Alamos, makes signifi- 
COMPONENTS AND SYSTEMS 


cant contribution to 
AC and DC Motors, Generators and space science. 
Controls * Static Inverters and Con- 
verters * Linear and Rotary Actuators + 
Power Servos * Hoists * Temperature 
and Positioning Controls * Sensors + 
Programmers * Missile Launchers + For employment 
Radar Positioners * Power Supplies * 
Wiiliamsgrip Connectors 


Between an original 
concept and scientific 


information write: 
Personnel Director 
Your inquiries are invited. Division 60-114 


AiResearch Manufacturing Division | , scientific laboratory 


Of THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, MEW MEXICO 


Los Angeles 45, California 
TE Ae RRR SAO a AE 
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HAVE 
YOU 


FORGOTTEN | 


SOME- 
THING 


? 


With so many things running through 
your mind... performance specs, blue- 
prints, deadlines, materials, installa- 
tion... could you have forgotten the 
one thing necessary to solve your con- 
trol problems? What better way is 
there to solve instrumentation prob- 
lems than to work with a single, re- 
liable source for your control system 
and panel work? A source that can 
work from your blueprints or design 
from your performance sheets... A 
source where all engineering and fab- 
rication is done under one roof so you 
can take advantage of dealing with 
one reliable company who will fabri- 
cate and guarantee all systems and 
panels... A source that is able to give 
you national coverage with represen- 
tatives in nine major cities ... and 
who is conscious both of quality and 
cost. That source is USC! 


Want to see more? 
Specify 
case history 
brochure. 


U.S. CONTROLS, INC. 


410 Fourth Avenue 
Brooklyn, New York 
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500—Ready Reference Data Files—I, 
II, Il, 76 pp. The feature here is a 
special rate for those who purchase all 
of the Data Files published in Controi 
ENGINEERING through April 1960. The 
36 articles included in this package cover 
analysis, design, and application short-cuts 
for all phases of the control field. Every- 
one can use this timeless reference mate- 
rial. $1.35. 

499—Ready Reference Data Files—III, 
28 pp. Includes the third dozen Data 
Files published in Controt ENGINEER- 
1NG. Topics range from control of metal 
properties with eddy currents to electri- 
cally signaled valve actuators to stabiliza- 
tion of sampled data systems. 60 cents. 

498—Ready Reference Data Files—II, 
24 pp. Includes the second dozen data 
files published in Controt ENGINEERING. 
Topics covered range from analyzing hy- 
draulic servos graphically to using silicon 
diodes as protective devices. 50 cents. 

497—Ready Reference Data Files—I, 
24 pp. A must for every control engineer's 
library. Includes the first 12 data files 
published in Controt ENGINEERING—a 
diversity of topics from system reliability 
through the cost of industrial temperature- 
measuring systems. Each one gives a 
method of solving a particular problem. 
50 cents. 

496—How to Specify Instrument Ac- 
curacy, 8 pp. This basic reprint is aimed 
at helping the user and maker to develop 
clear and mutual agreement on allowable 
instrument errors. Discussions of un- 
certainties of zero, scale factor, and 
instantaneous slope aid in the intelligent 
specification of allowable errors and pre- 
ferred test procedures. 40 cents. 

495—Transparent Template for Design- 
ing Servo’'Compensators, November 1959, 
3 pp. plus template. Includes transparent 
decibel vs phase angle template on clear 
acetate in addition to three-page Data 
File outlining development of template 
and showing its use through sample 
problem. 75 cents. 

494—How to Use the Root Locus in 
Control System Design, 12 pp. Another 
reprint that translates theory into practice 
Fight simple rules make locus construc- 
tion easy, even including the effects of 
distance-velocity lags. Articles show how 
to interpret the locus diagram, how to 
determine transient response, and how to 
use locus techniques with multiloop sys- 
tems. 45 cents. 

493—Complete Analysis Instrumentation 
Series, 112 pp. Special rate for those who 
order all three parts (I, II, and III) of 
Analysis Instrumentation Series: 17 per- 
cent discount on 112 pages of timely 
technical information for process control 
engineers. $1.75. 

492 — Analysis Instrumentation — III — 
Electrochemical Methods, Mass Spectrom- 
etry, Continuous Viscometers, X-Ray 
Techniques, K-Capture, Physical and 
Chemical Property Testers, Emission Spec- 
troscopy, 48 pp. Reprint includes last 
nine articles of Analysis Instrumentation 


NEW 

HIGH SPEED 
CARD READER 
FROM GENESYS 


The compact, rugged Elliott delivers highest 
speed available in its price range plus many 


exclusive features and optimum reliability. 


Today’s best buy 

in economical 

high speed 

punched card readers 


Functionally adaptable to any 
equipment, the unique Elliott 
Punched Card Reader is manufac- 
tured with precision craftsmanship. 
This compact, free standing instru- 
ment delivers the highest speed 
available in its price class (from ap- 
proximately $4000) . . . operates at 
speeds up to 400 cards per minute 
... reads all types of standard cards 
column by column. 


Components are considerably under- 
rated to assure optimum reliability. 
Size: 22” x 22” x 12” high. Weight: 
approx. 62 lbs. Power Supplies: 115 
V, 60 cps, 60 watts. 


WRITE FOR GENESYS BULLETIN PCR-1 


G 
GENESYS 


10131 NATIONAL BOULEVARD 














| nine LOS ANGELES 34 
| Series. 90 cents. 
ee ee (Continued on page 217) 


Representatives in Principal Cities 
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do you need a valve actuator 
with these features: 


VIBRAMITE 


vibration pickup alla 

2. faster response 

3. higherigccuracy 

4, better repeatability 


Eastern custom-designed electro-hy- 
draulic valve actuator devices may be 
your answer.” Outperforming pneu- 
matic or motor-driven types, they evolve 
out of Eastern’s extensive experience in 
electrohydraulics — including design 
and development of complete servo 
systems. 

If pneumatic or motor-driven actuators fall short of job requirements, 

send your requirements to Eastern — or, for a complete preview of 

Eastern’s capability in this challenging field, send for the new bulle- 


*Frequency response in the range of 75 ups, actuator 
velocity to 24 ips, accuracies to .1% or better. 


EASTERN INDUSTRIES, INC. 


100 SKIFF STREET, HAMDEN, CONNECTICUT 


los Angeles Office: 4203 Spencer Street 
Torrance, Calif. Tel.: FRontier 6-1921 


Hydraulic power packs * servo valves °* electronic controls * actuators 


CIRCLE 243 ON READER SERVICE CARD 


sensitive... 
yet rugged 


aun | ANTENNA TYPE 
damped.yetwih | Et « i ee RELAYS 
in fc, tw nw Vibrate pop dl ide TIME FROM STOCK 


with a flat response curve over its 

“Te te alse auall in sine, light in iz SMALL ANTENNA RELAYS 

weight ...and can be mounted in any i LY . COIL RES. COIL 

desired position without adjustment. >! = TYPE (OHMS) CONTACTS* 
AH/2C/6VD DPDT 10 amps 

AH/2C/12VD DPDT 10 amps 

AH/2C/6VA 6 DPDT 10 amps 


Check these specifications: o * AN/2C1C/115VA 450 i DPD -- SPDT 
Frequency range 20-2000 cps aux) 10 amps 
Sensitivity 96.3 mv/in/sec. (Calibrated LATCHING ANTENNA RELAY 

+1% at 100 cps into 2 

imegohm load a¢ 80°F) COILRES. COIL 
Size 1” x 1.42" TYPE (OHMS) VOLTAGE CONTACTS* 
Weight 2.75 oz AL/2C/115VA 250 operate 115 VAC DPDT 10 amps 


630 reset 
Natural frequency 15 
meal atireveit MIDGET ANTENNA RELAYS 
(nominal .65 of critical) cere COILRES. COIL 


50 g maximum TYPE (OHMS) VOLTAGE CONTACTS* 
(minimum limited only by =. © 
recording equipment) AM/2C/11SVA 1600 1 DPOT 2 amps 
. AM/2C/6VD 25 6 DPDT 2 amps 
1000 g AM/2C/12VD 100 DPDT 2 amps 
VERY HEAVY DUTY ANTENNA RELAY 
COIL RES. COIL 


Complete technical details in SEND FOR | ==} = TYPE (OHMS) VOLTAGE CONTACTS* 
Bulletin 112A. Write... LITERATURE # ) a. AT/2C/115VA 450 115 VAC DPDT 10 amps 


NOW | vy “Resistive rating 


MB ELECTRONICS =m -ELGIN ADVANCE RELAYS ELGIN NATIONAL WATCH CO 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1101 State Street, New Haven 11, Conn. 
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regulated +0.1% for 6 months 


Stability: 
Input: 


+ 1% for six months. 

115V A.C., 60 or 400 CPS, 1 phase. 

(also available with three phase input) 

Output: 26V D.C. @ 1 amp to .5 amp. 

Load Regulation: Less than 1 mv, for load changes of zero to 
full load. 

Line Regulation: Less than 5 mv, for + 10% variations in line 

voltage or frequency. 

Less than 1 mv RMS. 

Output voltage stability is limited only by the 

internal Zener reference standard 


Output is floating—either side may be grounded 
External sensing assures voltage accuracy for remote loads. 


Ripple: 
Temperature: 


Write for the new Daven Catalog of Transistorized Power Supplies! 


™« DAVEN?= 


TODAY, MORE THAW EVER, THE DAVEN © STANDS FOR DEPENDABILITY 


LIVINGSTON 
NEW JERSEY 
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NEW EPL 
TIME DELAY 


Proximity 
Switch | 


WITH 
PLUG-IN 
MODULES 


Choice of 
2 Time Delay Modules 


4906-JIC Control Amplifier with 4913-BL Sensing Head 


Actuated by NON-MAGNETIC and MAGNETIC 
metals to solve varied control problems 
Built-in time delays eliminate costly 

timing relays... give maximum 





fiexibility at minimum cost. 


Delayed relay closure (make) 
DWELL TIME 


Delayed relay opening (break) 
DWELL TIME 





"] DELAY 


— 
” 














TOTAL TIME RELAY 
'S ENERGIZED 


TOTAL TIME RELAY 
IS ENERGIZED 











Write for New Detailed Bulletin EDPS-80! 


ELectro Propucts LABORATORIES, -501-L Ravenswood, Chicago 40 
Canada: Atlas Instrument, Ltd., Toronto 
Proximity Switches - Magnetic Pickups - Tachometers - DC Power Supplies 
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What tt 


a universal 
counter- 
timer with 
in-line 
NIXIE 
readout 


for only 89 95 of a 


It’s true. And the 
Jodel 725 has all 


eatures usually 


Model 725 


Model 725 accurately counts cyclic 
or random electrical events and pre- 
cisely measures frequency, period and 
time intervals. NIXIE readout is 
available in 5 or 6 decades. Major 
components are independent modules 
for easy maintenance. An internal 
SELF-TEST automatically checks 
counter operation. 

Incorporating quality, flexibility, per- 
formance and PRICE, the Model 725 
is your best instrument for produc- 
tion or laboratory use. Why not send 
for complete technical literature 


ERIE-PACIFIC manufactures a 
complete line of digital counting and 
timing instruments and systems for 
military or commercial use. 


ERIE PACIFIC DIVISION « ERIE RESISTOR CORPORATION 
12932 S. Weber Way, Hawthorne, California 
Phone: ORegon 8-5418 
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Why pay for an expensive alignment tel- 
escope when a Tinsley Autocollimator may 
meet your requirements for hundreds of 
dollars less? The Tinsley Autocollimator is 
easily capable of reading precise angles to 
Y% minute accuracy. 20 power. !nter- 
changeable light source and eyepiece for 
viewing from end or side. Fits standard 
fixtures. Economical and dependably ac- 
curate. Write for price and information. 


TINSLEY 


LABORATORIES, INC. 


2526 Grove Street - Berkeley 4, California 
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491—Analysis Instrumentation—II—Re- 
fractometers, Infrared Analyzers, Ultra- 
violet Analyzers, Colorimetry, 32 pp. 
This includes the second group of four 
articles of the Analysis Series. 60 cents. 

490—Analysis Instrumentation—I—Nu- 
clear Magnetic Resonance, Chromatog- 
raphy, Radioactivity, 32 pp. Reprint 
consists of first 4 articles of Analysis 
Instrumentation Series: a general introduc- 
tion and detailed discussions of the three 
analysis techniques. Emphasis is on basic 
principles, practical tips, and the use of 
these techniques in automatic process con- 
trol. 60 cents. 

489—Fundamentals of Multivibrators, 
12 pp. Multivibrators are the electronic 
equivalent of the double-throw electrome 
chanical relay and can perform substanti- 
ally the same functions (memory, logic, 
gating, counting), but at enormously higher 
speeds. They can be built around vacuum 
tubes, transistors, square-loop magnetic 
materials, neon tubes, thyratrons, and 
cryotrons. This reprint covers a broad 
selection of multivibrator circuits. 45 
cents 

488—A Roundup of Control System 
Test Equipment, 24 pp. Specialized con- 
trol system test equipment divides into 
three classes: 1) devices that only generate 
a test signal, 2) systems that both disturb 
the system and provide a means for eval- 
uating response, and 3) devices that only 
evaluate control system response. 60 cents. 

487—Survey of Ac Adijustable-Speed 
Drive Systems, June 1959, 16 pp. Re- 
garded as constant speed devices, multi- 
speed ac actuators actually take many efh- 
cient forms. The recent resurgence of 
interest in these ac adjustable-speed sys- 
tems —— this comprehensive cover- 
age O Sarteoren go. techniques, armature 
resistance control of wound-rotor motors, 
frequency changing, slip-frequency injec- 
tion, and the use of eddy-current coup- 
lings. 50 cents. 

486—A New Way to Select the Best 
Control Valve, 16 pp. This three-article 
reprint takes a fresh look at the problem 
of specifying process flow ptr valves. 
The author gives rules for selecting the 
right valve characteristics based on static 
and dynamic considerations, takes into ac- 
count the influence of piping on valve per- 
formance, and tackles the problem of siz- 
ing valves for maximum flow and for con- 
trol rangeability. 50 cents. 

485—Fundamentals of Tie-Motor Con- 
trol, 12 pp. Although high powered 
synchro-tie systems have been around 
for a long time, only recently has enough 
experience been logged to put their > 
sign on a scientific, rather than cut-and- 
try basis. This reprint examines the types 
of motors that can be used in the light of 
the application characteristics, and con- 
siders the special circuit designs that are 
required. 30 cents. 

484—Applying Phase-Plane Techniques 
to Nonlinear System Design, 16 pp. This 
series of three articles is designed to teach 
the use of phase-plane techniques to work- 

(Continued on page 218) 


Heart of the 
Control System 





‘DIAMOND #1’ 
Relays 


“Diamond H” relays have a 
record of high reliability proved 
in critical applications ranging 
from missiles to nuclear sub- 
marines. That’s why increasing 
numbers of engineers are speci- 
fying ‘““Diamond H”’ relays in 
the heart of their control 
systems. 

Hart makes these basic types 
of relays: 


© Miniature, hermetically- 
sealed aircraft-missile re- 
lays, (Series R and Series S). 

@ High-speed sensitive polar- 
ized relays (Series P). 

® General purpose AC/DC re- 
lays (Series W) 


Technical literature out- 
lining the wide range of char- 
acteristics available in each 
type relay is yours for the 
asking. You’ll find ‘“‘Diamond 
H” engineers skilled in opti- 
mizing the basic designs to meet 
your specific requirements. 

Tell us your needs . . . by 
phone, wire or letter. 


“HART 


MANUFACTURING COMPANY 
165 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 
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FROM 
SERVONIC... 


A complete line of 
Transducers for 
Rugged Applications 


bees Mode! H—High Pressure 


Transducers: For highly accurate 
measurement of pressure in corrosive 
fluids while exposed to extreme en- 
vironments. Sealed, oil-filled cases 
available in most models. 400 to 
8,000 psi. Vibrations to 30g. Various 
case configurations readily available. 
Write for Bulletin S1-581. 


Model H-90 


Model G-76 


Model L-44 


CSS Model G—Rectilinear 


Potentiometers: For measuring dis- 
placement of missile and aircraft. 
actuators. Can be mounted internally 
or externally. Vibration levels to 35g. 
Ranges from 1/8” to 12”. Critical 
elements of this high performance 
potentiometer are humidity sealed 
within a high-strength alloy case. 


=_— Model L —Low Pressure 


Transducers: Rugged, high response 
instrument. Pressure actuated, corro- 
sion resistant aneroid elements oper- 
ate precision potentiometer. Switching 
function can be accomplished in lieu 
of potentiometer output. Working 
fluids excluded from sealed oil-filled 
case. Send for Bulletin S1-582. 


Special designs to 
your specifications. 


SSERVONIC 
INSTRUMENTS, INC. 
640 Terminal Way, Costa Mesa, California 
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ing system designers, on a practical rather 


than theoretical basis. It tells how to con- 
struct a phase-plane plot, interpret a plot 
in terms of system performance, and syn- 
thesize nonlinear systems using phase- 
plane techniques. 50 cents. 

483—Economics in Control, December 
1958, 24 pp. A special report covering the 
economic aspects of modernizing with 
control systems. It starts off with a guide 
to the financial factors of modernization, 
then tells the control engineer how to 
spot opportunities where the addition of 
instrumentation and control equipment 
will earn money, and concludes with nine 
case histories showing specific benefits of 
modernizing with control systems. 50 
cents. 

482-Static Switching Devices—New 
Tools for Industrial Control, May 1957, 
28 pp. An independent consultant an- 
alyzes the complete field of industrial 
static-switching systems. Starting off with 
a review of basic switching logic, he covers 
circuit characteristics of the fundamental 
devices, commercially-available systems, 
actual applications, etc. 50 cents. 

480—Selecting and Applying Control 
Timers, 24 pp. A compilation of four 
articles including a tabular description of 
timer functional parts, criteria for selecting 
and applying control timers, a tabular list- 
ing of available timer types and their char 
acteristics and techniques for custom-de- 
signing controls for time-based routines. 
50 cents. 

478—Servo Modulators—Their Applica- 
tion, Characteristics, and Availability, 36 
pp. A group of four integrated articles 
covering all phases of electromechanical, 
electronic solid state, and magnetic modu 
lators. Typical circuit diagrams, character- 
istics, and applications are given for each 
type, plus an 84-item bibliography and 
tables listing commercial units. 65 cents. 

477—Basic Data on Process Control, 24 
pp. A grouping of five articles on flow- 
process control, including Basic Concepts 
of Feedback Control, Selecting Loops for 
Critical Control, Direct or Reverse Con- 
troller Actions, Modifying Valve Charac- 
teristics to Fit the Process, and Using 
Capacitance for Accurate Level Measure- 
ment. 50 cents. 

476—How to Simulate Dead Time, 6 
pp. Three tricky techniques for simulating 
dead time or transport lag. One’s elec 
tronic, another is pneumatic mechanical, 
and the third uses magnetic tape. A use- 
ful reference for control engineers con- 
cerned with process simulation. 15 cents. 


CONTROL BITS 


Automatic navigation for merchant 
ships is likely to open a new frontier 
for mariners, says Frederick Stevens, 
Nortronics Vice President. One prom- 
ising system, says Stevens, is the 
astronertial system in which stars are 
tracked, their lines compared with pre- 
computed star lines, and the differ- 
ences become steering signals. 
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NEW Thermocouple 


Selector 
Switches 


For fast, accurate indication of temperature 
from a number of thermocouples—to aver- 
age readings from several measuring points 
—or to switch a thermocouple from one in- 
strument to another—choose a new compact 
Thermo Electric Selector Switch. 

These switches are compatible with any 
thermocouple or resistance thermometer, 
and any measuring instrument. Steel cases 
are dust and moisture proof, and are easily 
mounted on panel, rack, wall, or table. 


ROTARY SWITCHES 
Capacities—OFF to 6, 12 or 24 measuring 
points. Available with binding post ter- 
minals or bunched leads for soldered con- 
nections. 


KEY SWITCHES 


Accommodate | to 144 sensing elements— 
1 ocking or non-locking construction. Choose 
from several different cabinets. 


i tn 


PUSH BUTTON SWITCHES 


OFF to 72 points—interlocking construc- 
tion so that one switch remains “‘on”’ until 
another is actuated. 


Write today for catalog 24-2-11 


~ 





r 
Thermo 
Electric CO., INC. 


SADDLE BROOK, NEW JERSEY 
in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 


et 
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New versatility and reliability DESIGN y= 


for controlling high resistance 


liquids...UP TO 12.5 MEGOHMS! TIMING 
RELIABILITY 
INTO 
YOUR 
CIRCUITS 


specify... 


NEW MINIATURE AGASTAT’ 


time] delay | relays 


® Recycling virtually i UL less than .020 seconds 
© Unaffected by Voltage fluctuations (from 18 to 32 volts DC) 
® Repeat Accuracy +5% 











This new AGASTAT meets the environmental requirements of MIL-E- 
5272A. Built to withstand the rugged conditions of missile and aircraft 
applications. Lightweight—less than 15 ounces. Space saving—45g” 
tall... 11%," wide... 114” deep. Adjustable, with time delays from 
.030 to 120 seconds. Choice of operation for energizing or de-energiz- 
ing. For cemplete specifications, write Dept. A37-1120. 


AGASTAT TIMING INSTRUMENTS 








ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 
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Electronic Liquid Level 


CONTROLS 





Now—two new performance-proved electronic relays 

that provide accurate, reliable, floatiess means of 

controlling any conductive liquid or moist bulk mate- | a low-cost automatic 
rial having a resistivity of up to 12.5 megohms! | recycling control 


©) Outstanding features and characteristics include: 
Positive means of adjusting sensitivity for specific 


applications. Very low electrode potential and low CYC Al a 
electrode current. No shock or sparking hazards. 

No product contamination due to electrolysis. Quick 

and easy conversion for direct or inverse operation. Vi 1 N 10 2 
And, because both relays will operate several miles 

away from the level sensing electrodes, they permit 

accurate control of liquids from remote locations. 

Other reliable B/W Fieatiess Liquid Level Control Equipment 


INSTANTANEOUS RECYCLING WITHOUT SKIP 
OR LOSS OF COUNT 

PSE nd Wet eaten tinea * Counting range: 2000 by 1I-count increments or 4000 

by 2-count increments 

Counting speed: 5000 rpm, max. 

Control circuit: 15 amps., SPDT with variable on-off time 


& No reset time between cycles — no cumulative error 
Heavy construction for rugged service 





Signals and Alarms Electrodes and Holders 


Special models for custom requirements 

Automate: punch presses, packaging machines, winders, 
measuring and cut-off devices, motor drives, solenoid 
valves and other production machines and processes 





Complete technical data available upon request—write today! Send your recycling problems to 


re FEYMU SoNTR ONL ER COUNTER and CONTROL CORPORATION 


2200 E. MAPLE ROAD « BIRMINGHAM, MICHIGAN 4509 WEST BROWN DEER ROAD © MILWAUKEE 23, WISCONSIN 
Manvfacturers of Liquid Level and Industrial Motor Controls 
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READ FROM DIGITAL 
ANY ANGLE READOUT 


featuring 
ONE-PLANE PRESENTATION 
Series 10000 


ALL Dicits 
CAN BE 


Your Postmaster, 
ROBERT K. CHRISTENBERRY, 
Suggests: 


for faster and more efficient 
postal service ... learn the 


“A.B.C.’s" of good mailing habits! 


postal delivery zone 
A number helps speed 


QUANTITY PRICES 


B 


firms throughout 
the world in just a 
few years prove 
unprecedented 
acceptance of 
IEE digital 
readouts. 


COMPLETE 


J gs” 


ON REQUEST 


Binary-To-Decimal WRITE TODAY FoR 


Decoders Available. compLete sPEciFICATIONS 


Representatives in principal cities 
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your mail! 


certain to include your 
return address on all 
letters and packages! 


that the delivery 
address is correct and 
complete! 


and 
Mail Early in the Day 
—It’s the Better Way! 


Graduate 


DESIGN 
ENGINEER 


Work in anvlication, speci- 
fication and selection of in- 
strumentation for chemical 
process control. Up to 5 years’ 


experience desired. 


Engineering Department lo- 
cated in modern, suburban 
St. Louis General Offices. 


Monsanto 


® 
For information write: 


Mr. S. H. Styles 

Monsanto Chemical Company 
Inorganic Chemicals Division 
800 N. Lindbergh Boulevard 
St. Louis 66, Missouri 


Now 2 to 3 

week delivery 

on popular 
ORD items... 


and in production 
quantities! 


Mark 7 Mod 0 
Mark 7 Mod | 
Mark 12 Mod 0 
Mark 12 Mod 1 
Mark 16 Mod 1 
Mark 16 Mod 3 


Size 15 Servo Motor 
Size 15 Servo Motor 
Size 15 Motor Generator 
Size 15 Motor Generator 
Size 18 Motor Generator 
Size 18 Motor Generator 
(For transistor circuits) 
The addition of our second factory 
means delivery in six to twelve weeks 
on many other G-M Servo Motors 
and Motor Generators as well; sizes 
8 to 18, including other BuOrd items. 


* Now Bureau of Naval Weapons 


Ask also for 

full information; 

G-M Recommended 
Specification No. 665 
and Catalog. 


i 
(i-M Servo Motors 


G-M LABORATORIES INC 
4360 N. Knox Avenue - Chicago 4! 
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— “"" "STANDARD 1, 2 & 3 AXES 
ace ——Ssé GIMBAL ASSEMBLIES 


Versatile and extremely accurate assemblies 
are in use in our Compass Systems, Camera 
Mounts, Static and Dynamic Test Tables. 


VY WaAheie 


Additional applications are: 


Antenna Mounts Gyro and Accelerometer Mounts 
Optical Mounts Navigation and Guidance Systems 
Gun Mounts 3D Simulators & Computing Machines 


Write for Engineering Memorandum #100, 





Power-tronic Systems, Inc.. 
PINE COURT, NEW ROCHELLE, N. Y. 


SUBSIDIARY OF 
HYDRA-POWER CORPORATION 


Model 6022 Single Axis Dynamic Test Table 
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PHILIPS 
miniature recorder 


type PR 2400 A 
for mV and temperature measurements 














Panel space 144 x 144 mm (53/, x 53/, ins.) 


@ Reliable null-balancing potentio- 
meter system 


@ Easily interchangeable ranges 
Transistorized plug-in amplifier 
with printed wiring. 

Unique chart-winding system 

@ High indicating-speed and 

critical damping 


Scale calibration for mV and all 
conventional thermocouples 


© Completely mains operated 


U.S.A.: Philips Electronics Inc., Instrument Division, 750, South Fulton Ave., MOUNT VERNON N.Y. 
Canada: Philips Electronics Ltd., 116 Vanderhoof Ave., TORONTO - Ontario 
Overseas inquiries: N.V. Philips’ Gloeilampenfabrieken - Eindhoven - Holland 
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INDUSTRIAL INSTRUMENT 
SERVICING HANDBOOK 


Shows how to service, maintain, and cali- 
brate industrial process instruments and 
controls. Gives complete maintenance and 
repair details for over 50 major types of 
modern industrial instruments; fundamen- 
tals of operation, testing, and 

adjustment; and quick an- 

swers to hundreds of every- 

day problems likely to arise 

in the shop or field. By G. 

C. Carroll, Olin Mathieson 

Corp. 848 pp., 374 illus. and 

tables, $16.00 








SELF-SATURATING 
MAGNETIC 
AMPLIFIERS 


Just Published. A practical guide covering 
basic theory, operating principles, design 
techniques and applications of magnetic am- 
plifiers employing self-saturation. Covers 
such topics as underlying principles of cir- 
cuit laws and magnetism—mechanics of 
self-saturating magnetic amplifiers—and a 
logical method for design from specific 
problem to finished amplifier. By G. Lynn, 
T. Pula, J. Ringelman, and F. Timmel, 
Westinghouse Electric Corp., Baltimore, Md. 
232 pp., 152 illus., $8.00 








FIXED AND 
VARIABLE CAPACITORS 


Provides a sound working knowledge of the 
design and construction of capacitors for 
effective selection and use. Among the sub- 
jects covered are electronic part develop- 
ment; capacitor characteristics, selection, 
and techniques of measurement; modern 
experimental capacitors; faults which may 
occur in capacitors; and the future of 
capacitor design. By G. W. A. Dummer, 
Royal Radar Establishment; and Harold M. 
Nordenberg, Dept. of the Navy, 281 pp., 167 
illus., $10.00 








INTRODUCTION TO 
MATRIX ANALYSIS 


You can more readily acquire an _ under- 
standing of the fundamental parts of matrix 
theory that occur in analysis and applica- 
tion with the help of this book. Three basic 
parts of the theory are covered—symmetric 
matrices and quadratic forms, matrices and 
differential equations, and positive matrices 
and their use in probability theory and 
mathematical economics. Important mate- 
rial is included on dynamic programming 
and stochastic matrices. By Richard Bell- 
man, The RAND Corp. 331 pp., $10.00 


SEE THESE BOOKS 10 DAYS FREE 


| McGraw-Hill Book Co., Dept. CON-11 
| 327 W. 41st St., New York 36 
| Send me book(s) checked below rot 10 oe exam 
ination on approval In 10 days I will remit for 
| book(s) I keep, plus few cents for delivery costs, 
and return unwanted book(s) postpaid. (We pay 
| delivery costs if you remit with this coupon—same 
| return privilege. ) 

} Carroll—tnd. Instr. Servicing Hdbk., $16.00 
| © Lynn et al.—Self- Saturating Magnetic 
| Amplifiers, $8.0¢ 

] Dummer & Nordenberg—Fixed and Variable 
| Capacitors, $10.00 
| C) Bellman-—tntro. to Matrix Analysis, $10.00 
| (PRINT) 


Name 
Address 


City 
Company 


Position 


For price and terms outside vu. s. 
write McGraw-Hill Int’l., N.¥.C. CON-11 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—execu 
tive, management, technical, selling, office, skilled, manual, etc 

Civil Service Opportunities 

Selling Opportunities Wanted 

Selling Opportunities Offered 


— 


Position, Vacant 
Positions Wanted 
Part Time Work 


DISPLAYED 


The advertising rate is $23.80 per inch for all adver 
tising appearing on other than a contract basis. 
Contract rates quoted on request. 

An advertising inch is measured %” vertically on a 
column—3 columns—30 inches to a page. 

Subject to Agency Commission. 


Send NEW ADS to Classified atnpine Div. of CONTROL Cnermeames. P. O. Box 12, N. Y. 36, N. Y. 
for December issue closing November 


Employment Agencies 
Employment Services 
Labor Bureaus 


UNDISPLAYED 

$2.10 ger line, minimum 3 lines. To figure advance 

payment count 5 average words as a line. 

Box Numbers—count as 1 line. 

Discount of 10 % if full payment is made in advance 
for 4 consecutive insertions. 

Not subject to Agency Commission 








SECTION HEAD . $17,400 Year 


Our client ucgonSy needs s. «. with S or more years 

experience id development of MAG- 

NETIC “AMPLIFIERS, auplo TRANSFORMERS and 

roup consists of 22 engi- 

neers. Best facilities available . . . Client assumes 
— agency expense. 


ESQUIRE PERSONNEL 


202 So. State St., Chicago 4, Illinois 
Phone HArrison 7-6337 

















CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING) 
BUSINESS OPPORTUNITIES 
EDUCATIONAL 
EQUIPMENT (Used or Resale) 


“OPPORTUNITIES” 


UNDISPLAYED RATE 


(Not available for equipment advertising) 


$2.10 per line, minimum 3 lines. To 
figure advance payment count 5 aver- 


age words to a line. 


DISPLAYED RATE 
The advertising rate is $20.80 per inch 
for all advertising appearing on other 
than contract basis. 


Contract rates 


quoted on request. 








INSTRUMENT ENGINEER 


Maintenance Department of large pharma- 
ceutical manufacturing firm seeks engi- 
neer to give technical direction to well 
trained instrument repair group. B.S., E.E., 
M.E., or Ch. E. required: knowledge or ex- 
perience in chemical process control de- 
sired. Will assist Engineering. Research 
and Production groups in selecting control 
methods and types of instruments for opti- 
mum use. Knowledge of prominent makes 
and manufacturers of pneumatic, electri- 
cal, and electronic instruments required. 
Must have ability to study existing sys 
tems and make recommendations for im- 
provement. 


Please send resume to Richard Cordell, Per- 
sonnel Dept. 


ABBOTT 
LABORATORIES 


NORTH CHICAGO, ILLINOIS 




















LOUGHBOROUGH COLLEGE of TECHNOLOGY 
Nuffield Post-Graduate Studentships 
in ERGONOMICS 


Applications are invited for FOUR post-graduate 
studentships provided by the Nuffield Foundation 
to enable graduates in science, engineering or tech- 
nology (or diplomates of graduate status), to at- 
tend the One Year full-time post-graduate course 
in Ergonomics and Cybernetics, that is being 
organized in the Department of Ergonomics and 
Cybernetics, commencing January 1961. 

Applicants should have had a minimum of !—2 
years industrial experience in which human factor 
problems are important, a field such as product or 
process design, factory operation or layout. systems 
design, work study, production management. 

The net value of the studentshins (i.e. excluding 
the tuition fees) will depend on the marital status 
of the applicant and on size of family. Fora single 
person the basic value of the award will be £750. 
The value of the award will be adjusted in consul- 
ta ion with the apnlicant’s emplover to take into 
account any financial support which the employer 
may wish to give to the applicant during his tenure 
of the award. 

Forms of application for the Nuffield post- 
graduate studentships may be obtained from the 
Academic Registrar, to whom completed forms 
should be be returned by 3!st October, 1960 

Full particulars of the Course in Ergonomics and 
Cybernetics may be obtained from the Head of the 
Department of Ergonomics and Cybernetics. 


LOUGHBOROUGH COLLEGE OF TECHNOLOGY 


-—— ENGINEERS — 
Hydraulic Servo 


Would you like to play a significant role 
in the expansion of a dynamic company in the 
growth field of electro-hydraulic controls? 

Such a role is available for you as Prototype 
Engineer. This will involve the determination 
of components, performance, specifications, and 
producibility of intricate missile, aircraft and 
machine tool devices. Your bac! kground should 
include an engineering degree and a minimum 
of 2-3 years related hydraulics, pneumatics, 
electronics or precision component work. Servo 
design, instrumentation, controls and liaison 
experience helpful. 


Our 9 year old company has grown to the 
position of leadership in the control field, with 
interests in many areas other than military 
Your career opportunities are with Moog—an 
engineer-directed, profit sharing company, lo 
cated in suburban Buffalo. 

Several more senior positions in the design, 
development, production and environmental 
engineering phases of our operations are avail 
able, should your background be particularly 
related. 


MOOG Servocontrols, Inc. 


East Aurora, New York 








STAFF ENGINEER—$22,000 


physics, mathematics or engineering. Re- 
sponsible engineering exp. in highly competitive 
industry and with broad systems responsibilities. 
Guides decisions with respect to technical feasi- 
bility and compan business operation. National 
firm with solid financial background. Contact 
Lew Musgrave. 


MONARCH PERSONNEL 
28 East Jackson Chicago 4, Illinois 














Loughborough shire, 
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ARIS 
LARGE RESEARCH COMPANY 
er eee ENGINEER 
ork in Pari 
expert in “nuid control equipment 
having set up regulating installations 
Department to be expanded 
CAREER OPPORTUNITY 
Write No. E 4.450, Contesse Publicité 





20, avenue de l'Opéra, Paris ter, which will forward 
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50, sec. to 90 sec. 


WAVEFORM 


Square, Triangular, Sine 
0.01 cps to 2900 cps 


GENERATOR 


Through unique design, the Parabam 
Model P-1 Pulse-Waveform Genera- 
tor provides virtually transient free 
square, triangular and sine waves 
plus variable length pulses. Has suffi- 
cient output to drive power tran- 
sistors and relays, electrohydraulic 
valves and other units directly from 
the output terminals. Applications... 
test and development of servomecha- 
nisms, computers, input-output 
devices and geophysical equipment. 


MODEL P-1 
SPECIFICATIONS 


Waveforms: 
triangular. 


Sinusoidal, square and 


Frequency: continuously variable in 10 
ranges ... 0.01 cps to 2000 cps. 


Frequency stable within 1%. 


Pulse length continuously variable from 
50u sec to 90 seconds. 


Pulse amplitude...0 to 60 volts, 200 


milliamps max. current. 
Rise/Fall time approx. 2u sec. 
Cabinet or rack mounted, 


WRITE TODAY — 
for Technical Bulletin No. 660-6 on 


the P-1 Pulse-Waveform Generator. 
PARABAM, INC. 


13000 YUKON AVENUE 
HAWTHORNE «+ CALIFORNIA 


Dies ss: Boston Division aS oo” 
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Ghicks at 


lake 


Where thousands of baby chicks 
are at stake, a temperature change 
of only a few degrees can be 
disastrous. Small wonder that 
incubator manufacturers turn to 
reliable Adlake 1140-45 mercury 
displacement relays to keep their 
products in constant operations. 


1140-45-MM Style. 
Normally open, 
quick acting con- 
tact. Coil: 18-24 
volts 60 cycles. 


MAIL COUPON FOR CATALOG OF 
MERCURY DISPLACEMENT RELAYS 


The Adams & Westlake Company, 
Department K-3411 
Relay Division, Elkhart, Indiana 








company 
address 
city and state 
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ELECTRICAL e. 


on | > 
CONNECTION | Wra— 


F=sin ©. where 0,202 Or 
Fo/_,, = sin B= sin (A + KO) 
®o~- Be 


where A= Ds, K = S—S- 
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Ten-station transfer machine in | 
use at major auto plant. This 
view shows 9 of the 45 A-B 
Bulletin 836 pressure switches 
and 2 special Allen-Bradley con- 
trol stations on the machine. 


ALLEN-BRADLEY 


OILTIGHT 


Pressure Switches 


provide consistent accuracy 
and maximum reliability 


These rugged Allen-Bradley Bulletin 836 Style T oiltight pres- 
sure switches are specifically designed to take the punishment 
of hard, day-in and day-out industrial use. The die-cast alumi- 
num housing is completely sealed. Oil cannot get in and foul 
the contacts—even when it flows over the enclosure in a con- 
tinuous stream. The precision switch mechanism insures ex- 
treme accuracy of repeatability. An extremely important fea- 
ture lies in the “‘snap action’”’ of this switch—it maintains its 
normal contact pressure up to the instant of switchover—re- 
gardless of how slowly the trip point is approached. Contact 
chatter—-which means unreliable operation—is impossible, and 
contact life is greatly increased. The contact block has two 
isolated circuits with one N.O. and one N.C. set of contacts. 

Both the operating pressure and the differential are adjust- 
able. The pressure is externally adjustable with the setting 
shown on a calibrated scale, and a trip indicator shows the 
operating point. These A-B quality controls are made for op- 
erating at pressures up to 5000 psi. Write for full details. 
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